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.7  " •  ..  ACHIEVEMENTS  IH  OCEAMOGHAPHY,  No.  1  ^ 

„  .  ,  PROGSESS  IN  THE  STUDY  OP  THE  DEPTHS  OF  OCEANS 

L*  A*  Zenkevich  (Editor) 

ITOGI  NAUKI  (Science  Suauaaries) 

Moscow t  1959 

PBBFACE  , 

The  time  is  now  ripe  to  svuunarize  our  knowledge  of  the 
seas  and  oceans* 

During  the  last  ten  years,  after  an  interruption  of  like 
duration  caused  by  the  World  War  and  by  the  first  years  of  the 
postwar  period,  we  observe  a  broad  and  prolific  development  of 
oceanographic  research,  both  in  individual  countnies,  as  well  as 
in  the  international  plane. 

)  This  new  upsurge  in  the  development  of  oceanoeraphic  re¬ 

search  is  produced  by  several  causes:  first  of  all  by  a  wish  to 
exploit  the  industrial  resources  of  ocean  areas  which  are  remote 
'  from  land,  and  which,  until 'recently,  were’ almost  untouched  by 
research}  also  by  the  ur^tent  need  to  widen  the  sea  and  air  lanes 
across  the' oceans. 

iiimultaneously,  engineering  developments  have  made  it  pos- 

if  .  ,  • 

“  ,I  ’  :  “-■* 

sible  to  apply  new  study  methods,  primarily  to  the  ocean  floor 
relief,  bottom  deposits,  biological  production  processes,  ocean 


iVi'  ■" 


■M 


M 


wAtar  oireulatlont  etc* 

The  use  of  the  Isotope  method  in  all  fields  of  oeeanologj* 
to  determine  the  rate  of  processes  which  occur  in  the  oceans,  the 
chronology  of  past  processes  and  of  paleocliaatological  and  pal- 
eiogeographic  reconstruction  is  opening  much  greater  opportuni¬ 
ties  to  the  study  of  the  history  of  the  oceans  to  oceanographers, 
end  thus,  at  the  same  time,  of  the  history  of  the  earth*8  crust 
in  general*  The  completion  of  a  very  large  undertaking  —  the 
Third  International  Geophysical  ^ear  (1957/5B),  whose  program 
encompasses  all  the  oceans,  is  extremely  important  to  the  deve¬ 
lopment  of  oceanographic  research.in  the  most  recent  times* 

The  study  of  the  ocean  depth  zones  attracts  special  sttsn- 
tion,  and  it  should  prove  very  productive  to  many  fields  of  the 
geological  and  geographic  group  of  sciences* 

It  is  impossible  to  compress  into  one  volume  the  results  of 
research  of  recent  years  in  all  different  fields*  Tiiis  collection 
contains  summary  works  only  in  geology  and  partly  in  marine  bio¬ 
logy  of  the  ocean  depths. 

Subs-Quent  collections  on  the  results  of  oceanographic  re¬ 
search,  will  shed  light  on  achievements  in  other  fields  of  ocea¬ 
nology  , 

The  article  ••Pogonopnors  and  Their  Distribution*'  is  by  the 
coworker  of*  tke  Institute  of  Zoology  Acad  Sei  USSR,  A.l*  Ivanov* 
The  other  articles  are  by  coworkera  of  the  Institute  of  Oceano¬ 
graphy  Acad  Sc  USSR.  Ya.  A.  Birshteyn  of  Moscow  State  University 

is  the  cosuthsr  of  .two  articles* 

THE  'EDITOR 


:  SHE  OCKAH  DEPTHS  AS  A  SUBJECT  OP  STUDY 

by 

'  .  r  *  •  .  .  .  .  '  , ,  ,  ,,  ■  .  , , 

\  ■■  .  V  /  4  -V^*  ‘ 

L«  A.  Zankerleht  A*  P*  Llsltayn  and  0*  B*  UdiatsaT 

Tha  problaiB  pf  studying  tha  ocaan  dapths  and  of  tha  living 
organisms  living  in  than  has,  within  tha  past  tan  yaars,  assumad 
a  eantral  plaea  in  tha  systan  og;  gaologleal  and  gaographie  aoian- 
C0  s  # 

This  naw  fiald  of  oeaanology  alas  to  solva  a  nunbar  of  nn« 
elarlfiad  and  dabatabla  problans  of  tha  gaology  and  history  of 
tha  oeaans,  and  than  to  maka  a  closar  approach  toward  a  solution 
of  the  general  problens  of  paleogeology,  paleogebohaaistry,  pa- 
leogeOgraphyV'’ paiaoelinatology  and  paleobiology* 

Oceanologists  are  aost  interested  in  problaas  of  tha  foraa* 
tion  of  aarina  daposits,  watar  circulation,  and  aoogeography  of 
the  daap-saa  aoaa,  bnb  tha  study  of  doap»saa  bottom  daposits  in 
the  oceans  leaves  all  the  other  problems  behind  by  its  Importance* 
Different  new  aathods  ware  used  in  the  study  of  ocaan  depths 
in  recant  years*  — - — 

Plumb  lines  of  different  design  used  in  aaasuring  depths  un¬ 
til  recently,  did  not  make  it  possible  to  cover  tha  ocaan  floor 
with  a  danse  enough^ network  of  probes  for  technical  reasons* 

Bach  siparate  WOuhding  Yaquibad  stopping  the  vassal  for  a  consi¬ 
derable  length,  of  tlaa*^,Zeho  sounding  davicas  aada  it  possible 


to  mdce  an  xinlnfcerrupted  recording  of  the  bottom  profile  without 
stopping  the  ship  and  to  rake  much  more  frequent  neasurenents  of 
individual  depths  with  out  loss  of  additional  time.  The  first  twenty- 
five  years  of  the  use  of  self-recording  sounding  devices  brought  a 
number  of  iaportant  discoveries.  Contrary  to  the  earlier  concepts 
that  the  ocean  bed  was  a  ’’plain,”  it  was  found  that  it  has  a  very 
complicated  profile.  Many  underwater  mountain  ranges  were  dincovored, 
also  deepwater  depressions  and  trenches  penetrating  the  core  cf  the 
earth  ^  to  6  km  helots  the  lev  1  of  the  ocean  bed,  A  study  of  the  lo¬ 
cation  of  these  formations  at  the  ocean  bottom  is  of  great  interest. 

An  accurate  bath;Tn".tric  chart  of  the  world’s  oceans  vrill  alone  lead 
us  to  the  solution  of  7T«ny  problems  of  geotectonics  and  of  the  his¬ 
tory  of  the  ocean  and  the  earth’s  crust  hidden  underneath  its  surface, 
V/e  can  fully  agree  wlt’='  the  opinion  of  Academician  A,  TT,  oavaritsk^y 
that  the  study  of  the  Pacific  Ocean  on  the  widest  possible  scale  is 
one  of  the  most  important  problems  facing  all  studies  of  the  oarth, 
and  that  it  is  Impossible  to  unaerstand  the  formation  of  tha  earth 
in  general,  its  continents  and  seas,  without  solving  the  problem  of 
the  origin  of  the  Pacific  Ocean.  This  problem,  in  turn,  is  inextricably 
associated  with  a  whole  range  of  the  profoundeet  and  most  fundamental 
'problems  of  geophysics,  geology  and  cosmogony.  The  tasks  facing  the 

'r  i  ,  \  ''r 

study  of  the  earth,  in  the  lig’^t  of  research  of  the  outskirts  of  the 
Pacific  Ocean,  said  he,  are  indeed  unlimited. 

Seismic  methods  have  been  tised  in  recent  years  in  marine  techniqm; 
to  determine  the  thickness  of  deposits  on  ocean  bottoms,  and  there 


is  reason  to  believe  tliat  after  the  rejnoval  of  a  number  of  dijfficul- 
ties,  seismic  sounding  wl.ll  not  only  reveal  the  over-all  thickness 
ofxean  deposits.*  both  porous  as  Thrall  as  converted,  but  wi’’!  also 
provide  indices  of  Its  nature  and  stratification. 

It  is  hai’dly  possible  to  overestimate  the  iinportance  of  c'-arting 
the  thicVnoss  and  nature  of  the  entire  mass  of  bottom  deposits  of  the 
world's  oceans  with  respect  to  the  problem  of  the  history  of  the  up¬ 
per  .strata  of  the  earth's  crist.  The  charting  might  shed  light  on  the 
relative  age  of  the  oceans  and  thair  parts,  on  psleogeograpbic  recon- 
stniotion  of  oceans  and  contineirts,  on  the  theory  of  drift  and  the 
theory  of  const^cy  of  continents  and  oceans,  on  the  enigma  of  .\tlan- 
tis  and  Gcndi^ana,  on  the  history  of  the  ocean  level,  and  on  wnch  more 
’.Tiiich  remains  obscure  in  the  hift.ory  of  the  oceans. 

Along  ^i-th  this,  the  inv^nbivo  ieleaa  of  oceanographers  try  to 
d-jvelop  devices  for  a  deep  penetration  of  the  mass  of  bottom  deposits. 
At  the  present  timo,  hydrostatic  and  geological  .auction  soil  tubes 
make  it  possible  to  take  .samples  of  soil  several  meters  in  lenath  (on 
•’Vityaa'”  soil  columns  were  obtained  up  to  3U  m  long)*  One  can  hardly 
uoubt  thtct  ^dt’  in  the  near  future  it  will  'oe  possible  to  obtain  .soil 
colomnp.  in  tens  of  meters  an'’  perhaps  over  ICO  n*  It  is  oi,\ite  possible 
tlvtt  drilling  .of  bottom  deposits  will  be  done  vltb  oT,.toaatic  -Irllls 
nlaoert  on  the  bottom,  ann  t’^is  will  considerably  Increcae  the  l''ns:th 
•rtf  Foil  monoliths.  This  method  will  lake  it  possible  to  uncover  the 
processes  of  sedimentation  which  took  place  teiis  of  milliors  years 
ago  in  remote  parts  of  oceans,  .far  fran  shores,  Qeolo -ical,  chemical 


end  biological  anal;^es  of  these  monoliths  will  uncover  changes  in 
the  chaweteristiea  of  the  history  of  the  ocean  and  of  its  surface, 
changes  In  totkl  salinity,  salt  comrosltion,  population  composition, 
temperature  regime  and  climate  of  the  ocean.  It  is  perfectly  obvious 
that  all  these  indices  and  their  system  were  changing  in  tiae  and  we 
are  now  already  in  possession  of  very  promising  methods  of  their  pa- 
leochronological  recording  by  the  isotope  method* 

For  the  purposes  mentioned  above,  the  bottom  deposits,  containing 
moisture  ajsi  a  relatively  tindisturbed  natiire  of  stratification  through¬ 
out  their  immense  eactent,  represent  a  particularly  valuable  object  of 
study*  Their  growth,  measured  in  tens  of  millions  of  years,  is  a  suf¬ 
ficiently  long  time  to  htflp  us  understand  manj»  aspects  of  the  processes 
of  diagenesia  eccxirring  within  tho  bottom  deposits* 

Many  branches  of  tho  geological ,  ,;^eo  rarhic,  b:*ologic?l  and  ant'-ro- 
pological  cycle  are  SKperionclng  an  urgent  need  of  pa?.eoclimatic  rc- 
constr.ictlon.  As  a  subject  of  vStudy,  the  bottom  ocean  deposits  and  all 
that  they  contain  play  the  main  paarb  in  climate  reccnstr.tf'tion  of  past 
geological  epochs,  A  method  of  reconstruct ion  of  paleotemneraburos  hy 
means  of  correlating  c:..y;*en  isotopes  haa  been  de^rolcped  hy  the  Oceano¬ 
graphic  Institution  in  the  U.S.A.  several  years  ago,  fistingnisved  for 
its  high  accui'ijcy,  the  method  r.jprcsents  a  verj'’  v^iluable  contribution 
in  this  respect. 

One  of 'the  most  important  problems  of  mo'Iern  ph2'«ical  ocoanoitrnphy 
-  the  rate  of  circTjlation  of  deep  water  masses  of  the  oceans  —  is  at 
present  being  explained  in  contradictory  teims. 


,  Ojernan  resaa^hers^-  i»*oo«eding  on  the  hasla  ^^SBaMMue 
■'vt-ohtailned  by  meaaCs^^f -the  dytiamtir  ^nethod  aaid  direct  eSMWT^^ 

oaine  to  the  cOttclttaion  of  high  reloeity  of  ocean  eater  olrcolatlw^'^. 

'  ihfiludtng  deep  Vatefi  approximately  within  a  .period  of  10  to  1$  , 
years*  American  ooeanographers  on  the  other  hand,  .ln,det«nnlxilng 
'  ■  the  “age"  of  Indlvldnal  water  masses  of  the  ooaansi  cane  to  the  eon- 
cluCion  that  separate  ocean  regions  and  their  t-raters  have  an  "age" 
of  hundreds  and  thousands  of  years.  This  problem  is  at  present  not 

•  only  of -theoretical,  hut  of  a  doubly  practical  Interest,  since  the 

-  -r^  development  of^nuclear-atoinio  industry  poses  the  question  of  a  pos¬ 
sibility  of  using  the  ocean  depths,  and  paHtcularly.  deepiirater  dep- 
resolcns,  for  the  Vhurt^  of  indiifitrial  otomic^rwasts#  Tfowever,  the 

•  circulation  of  the  water  masses  of  the  pecans  is  of  importance  not 
only  in  this  Mspeoti  Ift  order  to  understand  the -phencawna  occurring 

•  .'in  the  oceans  on  a  world  scale,  it . -is  necessarjr  tolcnow  the  direo- 
•tlons  and  velocities  of  the  circulation  of  water  masses  both  In  the 
horiaontal  and  in  the  vertical  .direction.  Whereas,  concerning  the 

)  -  surface  layery<-'the  nature  of  Circulation  is  at  ia“esettt  well  Jmown, 

■  conearniTig  deep  waters  there  is  still  imich  remaining  unclosr  a^ 
undetermlnedi'vo/  ■  ■  -  *'  -r,.,  ■- 

I 

^  The  living  world  which  inhabits  the  ocean  depths  Is  a  very  Im- 

} 

pcrtant  subdfcf' of  . study.  The  distinct  peculiarities  of  deepwater 
fasiina  are<Keihg:«iq?lalned,  These  peculiarities  -find  expression  prl- 
msrlly  in  its" -taxoaoinic- Isolation.  In  recent  years  abundant  material 
hes  b'oen  collected' In  the  Pacific  Ocean,  mainly  by  "Vityas*"  of  the 


/pogdnophora  group,  a  new  anlnal  group  of  a  subtype  or.  even  of  a 

I 

type  vhich"Jocs  not  (as  a  rule)  inhabit  small  depths.  At  the  present 
time  rOpresentatlvss  of  t>’i3  >;roup  have  i  i.ko»rlse.been  found  3ji  the 
depths  of  t’.'O  Atlantic  Ocean,  but  the  basic  variety  (more  than  t’»:ir.ty 
rdrmsy ’?inds,  fanilias  and  orders;  vrae  dlsacn’-ered  in  the  northwestern 
'part  'of-^  the  Pacific  Ocean,  The  pogorophora  group  is  very  close  to,  or 
even  a  part  of  the  chordate  type  of  aniiaals  and  poc-socces  features  of 
groat  antiquity  and  prlmitivity* 

Banish  zoologists  recently  discovered  in  material  collected  by 
"Galatea”  in  the  equatorial  waters  of  the  Pacific  Ocean  at  depths  bet¬ 
ween  3,000  and  h,000  m,  specimens  of  a  ne»r  and  very  anciont  class  of 
moUusks,  In  general,  deepwatbr  fauna  Is  characterized  by  considerable 
antiquity  and  primitivity,  alf'ough  there  aj;^e  some  opinions  of  it  as 
late  fauna,  A  future  study  of  the  material  vtill  clarify  this  issue.  The 
paleotenperature  of  deep  waters  of  the  ocean  Is  of  great  Importance  in 
this  cormcction,  .  The  problem  of  the  age  of  deepwater  fauna  would  become 
much  clearer,  if  it  could  be  proved  that  during  the  course  of  a  series 
of  geological  periods,  the  deepwater  zone  possessed  a  low  tenqwrahure, 
close  to  the  present  (under  2^),  and.  Which  is  the  sane  tMng,  that  the 
climatic  zones  on  the  terrestrial  globe  were  of  long  duration  and  waters 

in  the  deeps  were  also  formed  in  the  subpolar  regions  earlier,  as  today, 

) 

The  point  is  that  the  natxire  of  distribution  of  deepwater  fauna  is  by  no 
means  unlfofn^,  and  there  is  reason  to  assume  that  it  bears  the  imprint 
of  the  orography  of  tbe  ocean  abyss  of  earlier  geological  epochs  whose 
age  is  prbportional  to  their  depth.  Great  interest  from  this  point  of 


view  is  prfeS'STt^fed  V/  ^.•i'=:"  JTwna  of  K-'i  ^altra-a^j'SSsLl.  rono  (dooper  than  v 
6,000  ^)  which:  occupiou  o'rlr  i;t  of  th-?  ocean  Cotton,  which  is  taxeno- 
mically  isolated  with  eaTi’icisnt  clsrity  i'ror.  the  fauna  of  h'-'’  ocean 
bed  it  norrsa].  depths  (  S 'to  6  ICnij  ,  'f.rd  v4l*h  possesses  substantial 
differences  in  each  oceanic  •’’..■precsior.*  A  stud/  cf  the  ,^eoli,^iaa2  '■'go 
of  this  fauna  which  is  scattered  SiUong  lirferc-nt  deepwater  depressions, 
and  its  conparisen  with  the  age  of  th'^'  depressions,  can  provide  very 
valuable  ir 'icati.or.s  of  the  age  of  inJividual  pak'ts  of  t'le  cr*ean  bed 
and  of  indi^/idurQ  details  of  its  profile.  Ti-'US,'.for  example,  the  -^ge 
of  the  meridional  oceanic  rtdgos  can  be  compared  v’itb  the  age  of  iso" 
lated  dcepvrater  fauna  on  both  sides  of  these  rldgea,  ?he  a^a  -■'sti-^jate 
of  th.e  degree  of  tnrancmic  isolation  of  deepr^atcr  fauna  on  both  sides 
of  the  Central  /inerican  shelf  can  he  coir.pared  with  t’  lt  of  t'^e  e’-.-jlf 
itself, 

T'"*"  pop'.ilation  of  t>-'e  n.isc  of  deep  'Taters,  both  pela^gic  ind  '"Ct- 
tom,  i'  a  fire,  "luHHatersl  ?.nd  po’T&rf’h.  iryfir.ator  of  all  ■■rocKSoes 
tahir^  place  in  the  ocean  depths,  of  all  chemical  and  pv/sical  prepor- 
ties  of  the  water  masses,  which  also  takes  Irtto  account  their  histori¬ 
cal  changes. 

All  what  has  boon  said  above  points  to  another  p'-culiarity  of 
deepv'ater  research  of  the  ocean,  wliich  ch.araotoriaes  occanograohy  as 
a  whole:  the  deep  Interconnsction  and  complexity  of  the  pr'>bl''!mp  r-osed, 
of  the  met'^ods  of  their  eclution,  and,  of  the  use  to  be  made  of  the 
results  obtained,  -  ' 

Descriptions  of  the  ocGans  reach  back  to  times  of  antiquity  and 


9 


V4V;J^.'>*' 
V  r  *  ', . 

'■t  •i'-'ti  '' 


\ 


for  rr.?.Tiy  cont-uriea  they  --rcrs  of  a  yurely  ^'Joaraphic  nature,  farly  in  \ 

the  15tb  cont.my  mtcnoistR  became  interested  also  in  t'-.c  und-irT?.ter 

rrcrld  of  the  ocean,  tut  it  ’rc-s  not  until  thi:>  linclish  expeditior  on  the 

ship  ''Ghallrnger'»  (3^72.  to  137^)  tbat  success  xrac  €c''l.rrid  ir.  penvtrn- 

^  ’  ’  » '  *  >  » 

ting  the  secrete  of  the  ocean  -.leptlxs,  I/uring  the  po-t-challenger  period 
a  nurber  of  expeditions  vxere  organi-:ed  for  tv  purpcce  of  stut;ring  the 
floor  of  the  ocean,  but  the  greatest  depths  (crr«r  ?,'X0  m)  vrere  hardly 
touched  by  obcorvetions. 

'i'he  last  ten  years  were  very  successful  in  tv-^  study  of  the  c.ccp- 
•<rator  zone  of  tVic  oceans.  number  of  dee^-rater  -rq^edi*  tens  ”orhing  al- 
nont  slnailtancously,  and  the  hot  methods  used  by  thp.^n  imeiHntely  sho’-'w. 
the  enormous  value  of  the  ocean  depths  as  a  sub^Ject  oi  studyj  the  ocean 


depths  'Tsre  as  if  "discovered  nnevd*  by  tb'^se  investigations. 

During  the  V’orld  VTar  II  v«riod  the  tecVrrques  of  oceanocrapvic  re- 
seai'ch  made  a  great  foroard  leap  in  connection  n’3.th  the  needs  of  navies. 
\  number  of  completely  new  devicea  made  their  appearance,  and  many  devi-» 
ces  which  existed  before  were  radica3.1y  Improved.  Thus,  for  example,  thr- 
a;’peared  netc  radio  ergincering  mean?  of  coordir-'-tions  .voran,  shoran,  the 
olact.ror.ic  p<o?ltior  locator  and  radar  '■.’■'lich  m^^de  it  possible  to  conside¬ 
rably  inoroase  the  accxxracy  of  plotting  the  :  os5.tior.  of  a  sbipj  thorrao- 

V'thygraphs,  automatic  geomagnetic  current  recorders  wvich  nada  it  poc- 

) 

sible  to  ietermine  surface  eva’ronts  while  the  ship  was  in  motion}  auto¬ 
matic  salif’.ity  I’ecorders,  hydro— acoustics  locators,  and  many  oV'cr  de— 

* 

vices.  Ultrasonic  sounding  de’/ices  were  v  die  ally  improved  and  their 
power  and  acciaracy  ware  greatly  increased, 

10  — 


Kew  scientific  and  engineering  equipnent  of  the  ejcpeditlon  ships* 
made  .it.  possible  to  undertake  ^.rcund-the-vorld  expeditions  at  %  new 
and  qualitatively  higher  level.  Along  with  this,  there  'Tere  rmich 
higher  practical  .-lewenda,  in  particular  on  the  part  of  navigation, 
the  fishing  ind*istrj>-,  and  naval  forces,  ’dide  conquest  of  +he  world's 
oceans  is  going  on  at.  the  present,  timo,  and  not  of  their  sur¬ 

face,  hut  also  of  th.a  ■len+hs,  .’'nn's  ecororoi('  activities  oi'e  no  longer 
confined  to  th-  oon-Taest  of  inl.nnd  and  noig'-horing  seas,  hut  is  snrea- 
dirs  laore  and  more  to  tV'  cmtral  areas  of  oceans,  .f.dn  requires  the 
nont  aerious  .-nd  rtuHllateral  study  of  the  nature  of  thra  oceans. 

During  the  past  ten  years  three  ’cjcr  for?i.gn  sciert.ifio  around- 
the-world  voyages  have  been  ca.,;plotedj  the  Svedi'^b  «y.pe4iticn  oi  3.9U7 
and  1>^^  on  the  ’'Albatross,"  the  Danish  of  15<0-19p2  on  the  "lialat-n," 
and  the  English  of  1950-1952  on  the  "Challenger."  Numerous  (over  25 
ma^or  voyages)  and  prolific  voyages  were  completed  hy  the  Seviet  sclen- 

ti.t'lc-research  expedition  ship  ’’Vityaa'"  (3.9h9  to  19^8)* 

Cbronolcgically,  the  Swedish  expedition  on  the  "Albnti'oss"  was  the 
first  (Fig,  1).  It  was  orgonir.ed  by  the  uoteborg  Ooeanographio  Institut- 
mainly  fcy  private  centributions.  "he  expedition  ves  carried  ou.-  on  a 
Shi?  of  a  private  sidphuil  iing  ccTXJorn,  the  sailing  motor  schooner 
"Alhatross,**  with  a  displacenant  of  3.,Ii.50  tons.  The  Voids  and  compart- 
ments  of  the  ".JLbatross"  were  converted  to  laboratories  .-mi  living  oruar 
ters  for  10  to  1'.’  scientists.  Since  the  srcpaditlor:  was  going  to  the 
tropics,  the  ship  was  eq^xipped  x^h  air-conditioning  and  with  s-^scial 

refri 

‘S®  ration  to  preserve  specimens.  The  expedition  was  planned  for 
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■  work  ri'tFtly  At  great  ccear  depth?  and  Ter  thi?  r-iiT'OSe  It  vas  equipped 
with  a  nunber  of  r.e.t  devices*  iJe  ;'>u3t  ?nention  e-  nsvr  powerful  electrio 


hoi5t  for  lowei'inK  "cil.  pro’os;*  irr-wls  "ir.d  a  ’■;''avy  ev.ctiori  ’h;- 

ci«:re.d  hj'  •{ullenherg  for  hratiin"  crlu-ins  of  '5ea  .'eporitr  ?h'  to  “0  "i 
lor.g*  The  expedition  possessed  a  new  nutomatic  sounding  device  for  '•■ork 
at  dox’ths  gri^ater  than  l/yXi  n,  as  well  a?  a  sc-isr.ic  apparatus  cf  the 
h’eihl  :'>y«ten, 

vv,(2  f:;i-r<-35  ;>7cjiah  oc  -.Knog-vp^ier  ilanc:  ''etttcrs3;JriWg.s  rhieC  of  tS? 
orp-iitlon,  Ccri'inanding  th.e  s':!?  x'as  Caiotair.  K*  "'rafft*  Taking  part  in 
th'>  expedition  were  professors  '•eihl,  K-a1.1‘'nherg,  '’rlcv, ‘fooriy,  .'ibslln 
arc  of'ere. 

The  ’’lain  purpose  of  the  '*Albatrosc.'’  errp-iiitlon  was  to  oh+ain  long 
cclv.'inr  of  Sts?  nou'Lu'^nt  in  the  oruotorial.  "cgion.  in  the  aone  of  conver¬ 
gence  on:!  divcrg'-mco.  in  adviition  on-i  of  ‘he  tasks  of  the  p'y.pedit:lon  '.''as 
to  study  thn  relief  of  the  ocean  floor  h;/  no&ns  cf  an  ivtonotir  soun’dnf^ 
"’cv-tce  th  •  entira  itlnorar..*,  svocial  ’•,ydvc-op*iccl  re'^'yc'ch,  ‘iyiro- 


c-u;rinj,  oh'^'-rvocicn?,  and  in  particular  deterrunation  of  uranian  and 
raa'‘u  ;  content  in  sea  X'ratr-r,  I’inally,  ths  expedition  ’as  to  irr/o'^ti.'ato 
the  abyssal  fauna,  .in  the  Atlantic* 

The  ” Albatross”  .wiiled  fror-;  Jjotaborg  on  July  V,  l?h7#  was  at  sea 

*  f 

''O’’  -a  period  of, If  nonthp,  and  returned  to  Ootehorg  on  Gateher  3«  1>’'’3* 

t  .  . 

^  The  itinerary  of  th.  •  eiq^edition  (roe  f'lg*  was  as  follows:  Got -borg  - 

f 

-  ‘'.rt'tiniTue  —  lanaTa  —  ijralapa.;o6  Islands  —  rah.itl  —  "awali  — 
T’hilipTinec  —  Teve  —  locos  Islanas  —  loylon  —  3e;?r.h.elles  Islands  - 

-  Aden  —  fA’p.a  Canal  —  dlbralt-’r  —  Cape  f«rc:e  Islands  — 


i*’ornando 


Fig.  1.  ’’Alha+yrors”  —  s>iip  of  the  Si^edleh  arcund 


the  vTorld  expedition  of 

de  Noronha  «  ’TePt  Indies  «-«  Cernuda  ~  uoteborg. 

T-Then  th2  expedition  was  cor.p?>''ted,  t’-'e  mterlal  gathered  was  pro¬ 
cessed  by  the  entire  staff  of  the  Oot-ho>'g  Oceanogrsphic  Institute,  In 
addition,  some  material  was  turned  over  to  other  scientific  ins^.itu- 


tionj?  in  S>reden,  as  as  L.r<jjiand,  ’’cst.  utarmany  nr-d  Aur-tria, 

It  f-ras  that  proaesainj;  oi?  th'?  nutorial  cnll'-ctcd  hy  +.h'^  pvr><>dition 

would  t,i'e  t‘.:o  to  thrcr  yoara.  !;owov-j*r,  it,  is  rot  finiohod  to  thip  daj, 
and  p:rcb''fv  y  co-itimo  for  ocvcr '1  '^orc  years*  Keverlheless,  mimo- 
reus  artioloe  •’'-’w  ri»-o:uy  orpe-arirg  in  orint,  sotting  forth  the  ’-asic 
soientif  !';  -iehipv&iente  of  t.v,.?  '•  Albatross!'  .  i*itpeditlon,  as  well  as  .•’epa- 
rate  voliunee.  of  v-'.-'ortr:  on  conplct<»u.  ooctions*  - ' 

"e  cite  tho  h-aio  ccientific  rfssults  of  tho  sjcpodition, 

1,  !’h.'^  iMrst.  detailed  data  wore  obtaiined  on  the  co":ploi;  dirforentla- 
tion  of  the  ocean  floor  at  depthc  between  5,000  aii^  7,000  n,  infor'«a- 
tion  about  tho  oxi'-t-jnee  of  e.  corlplox  half  relief  floor  of  the  octan  is 
of  particui.'.r  interest,  ' 

?.  A  preliminary. lithological  study  cf  long  cclwr.?  of  roil  has  been 

made,  their  total  length  roaches  1,600  m  coO.u-'.ns);  thr  presence  of 

san’.^  Icl-is  has  been  found  at  great  depths  and  at  an  imnense  '.'iotanoe 

’  * 

frorm  th-*  --^oarce  of  their  entry.  This  is  aseccir.tod  with  the  tvancmission 
cf  '^ands  by  tmirbulent  cuarents,  and  with  various  processes  of  aut'- i,;:;enic 

j 

mineral,  formation.  New  and  interesting  data  were  also  obtairod  on  uTrder- 
TTAtor  erosion,  :ts  well  as  on  the  chemical  int.eraction  bett’een  Pediments 
and  bottori  waters, 

r,  A  study  of  the  ni'.u’oflora  and  microfauna  hos  bean  made,  pnproxl- 
every  10  cm  of  tho  long  columns,  Tbo  results  of  t'^-'  irvr.'p'^l.iatlons,  ‘ 

c 

conducted  by  bleuger,  Schott,  ftiedel,  Cvey  and  ’vieobian,  and  by  other 
I'ecearcbers,  indicate  that  in  t'’o  geologi  cal  past  there  have  been  sub- 
rtantial  clvarges  cf  physico-gcographical  cerxiitions  in  the  eqxiatorial 

—  Ih  — 
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rdgion  Ox  +>•'!  oceans.  In  oolu.'ir.s  in,  tho- zones  of  ccrt/er^enof  .  j 

er.d'divos'^.nce,  ’;bsre  is.  -a  navticularl;'  notio:?-?ble.  3s:?.irent  PtrAtifi- 
cation  iue  to  “^•^G  .appe?ranoi;.of  nunofou.®  of  .fora’f'^ird.foi’ou.';'  . 

iiogions  varo  Also  dbscwercKi  ’"’’ ere  to  a. depth  of ' nearly  .!i>.m,*:;;!' 
fror.i  the  ho ttotfi’ surface  ecdlm'nts  *rn'not  st.ratifA'?d  :ird- repnaisont-ed; 
only’^'.y  red  clsj^fe  ^nd  r^idlolrrian  silt, '■Tarring  into  acdOunt  ;the  ioio;  , 
sedunentoxion  rate  In  thfeso  regions,  I'i  rettorson^'holiovea  t^’at  red  .- 
clay  ''.egon  fM*?iir%;  het^uean- 1!!^  and  30  nflrl-lOn  yaars  a?ro,  t,e,'ar  "drly 
r,s  t'-'O  T"H:d’.iry  psriod,-.  •:  ,  ‘  ;  •  .  '  ..:  .  :  ■ 

'  ■  Invss'ti.i^atioi^s  ve-do- Msdor  of  ttT.’iriheralogioal  •'md  "rftnulonoti’io 

str^etdra  of  coTu-mc,  as  a  result  of  ’  which- -inmeraue  h'orJsonr  of  ..vhlca~ 
nic  ash  t.*er=j'  disc ewered  v;hic^  nrci  .wjonr.t’^tecl  with  e^arly  his-tbriC'il  •  end 
prehittorlcal  eimpfioho, .  ■  ;  .  -  •  ■  ■•"  ■  ...  :  •>  ■  . 

■>,  IrTvostij'ations  vrero  rt^de  in  the  .■ar.ra  c,f  radior>.ct'*'>'it:*  of  oua 

t-rat*r  and  oa^cirtints;  pr.j'r-iou'jly  t'-ian  infon-iatton  vas  enliir^sd-- upon' ! 

,:oroirnin;3  thi'  pryr.t  .Irnlly  ccretant  ui-arlur  content  in  sisa.  ■■•fstGr  • 

—  ^ 

(1,3  >'  '.'0“'^g  U/erv  },  r'.r/l  con  rmin.,  radlu;A  content,  of  sea  ?l»o 

cc'rpl^i::  dtctr.iliut.icn  of  rad'1..um  c'ionr'  •th.-.'  vert'ionl  in  colu'^nc  "'iOn  'osen 
•33.-”'.:’'v.fi.cd,  cn  the  haute  of  rf'cich  it  car.  b®  flcsuriecl  fhnt-  radt'am  r.i;;ratos 
in  'n  rort.ica?-  direction,'  --ind  for  t’’iiP  -reasor!  dlredt  detcrninjiitior  cf 
radiiin  is  un.s>ut,.a’jle  for  an-O/tplanatlon^of  th«  ahsolute-  age  of  soil; 
This  1?  osreciall/  i  •portent  in- connection  with  the  fact  that  loner lean 
rese.orchera  wiii^.ftly  u^e'-  the  'iirry' niothod  in  dotsrnirlng  th^*  obaolute'"!' 
a.ge  Oi  tsdlnetits-  accorcTing-'to.  rndiAl’i  eoTit3nt,"In:erd,«r  to  deterniRe' 
thoir*  '-ohsolute-age  in  the'  ligntf of  results  .cbt, aired,-  the  thorinn'-'and 


ionium  methods  now  used. 

6.  Cn  th«  basis  of  the  ;jtudy  of  microflor?.  and  jnicrof auca,  and  • 
also  by  means  of  rsdioactiva  measurements,  it  was  ascertained  that 
thb  sedimentation  rate  in  the  Pacific  Ocean  fluctuates  from  1  mm 
per  1,000  years  for  red  oilays  to  15  to  25  imn  per  1,OCO  years  for 
cslciferous  silt.  In  the  Xeditorranean  the  sedimentation  rate  has 
been  calculated  to  he  100  rnm  and  more  per  1,000  years.  The  radio¬ 
carbon  method  was  used  in  these  determinations  in  particular, 

7,  Seismic  studies  according  to  the  'Teibl  method  made  it  poo- 
aibXe  to  determine  the  maximom  thloVness  of  sediments,  e<p\al  to  1,500  m. 
In  the  iSastem  Atlantic  between  Fadeira  and  the  Middle  Atlantic  Range, 

In  the  open  pnrts  of  the  Pacific  and  Indian  Ocean  the  reflecting  snr- 
face  is  located  at  depths  of  several  hundred  meters  below  the  floor 
surface.  It  is  possible  that  the  refleotlnp  surface  represents  an 
interlayer  of  lava*  This  conclusion  confirmed  by  sobsecnent  data 

of  Amoi-iCsin  and  Isritish  expeditions, 

5.,  Tiio  first  atternpt?  to  measure  tbs  ~=cthermic  .^r-idient  on  the 

ocefm  floor  luriertubon  by  'be  exnotiit.ion  pro’''ided  an  i*’"  of  its  nagni- 

tu'ie,  in  th”!  central  part  cf  the  "sc? fin  Oc'uan  near  the  -quator,  at  a 

'Serb'-.  '••£  Ji,‘r’0  n,  the  tenperature  increases,  by  1®  ir.  p-jnetrating  the 

swdinent  21  «u,in  the  vroatern  part  of  the  Pacific  Ocean,  at  a  epth  of 

0 

■5»300  rc  the  inox'ease  of  tauperature  cf  1  is  observed  at  a  depth  of  26  m. 
In  the  Indier  doean,  between  the  Oocos  Lslands  and  Christinas  Island, 

I 

thf.  gradient  rcac her  th?  immensb  mafenitude  of  U  rn,  A  conclusion  has 
been  reached  that  the  thermal  current  at  ti'e  ocean  floor  Is  almdf=t  as 
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I  '  .:i- XJ^rr.  '■'.■!■  .iw  ?  r  ,,4  or  r 

ititennive  as  on  the  csontinents,  A  particulailjr  high  gradient  has  h'a^'  ‘ 


observed  in  the  Indian  Ocean,  slTsllar  to  the  fpradiehts  close '  to  vbloa^' 

noes'  and'  solTatar'a*  *'  '  .  . ■ .  ”  V' 

9#  Biologic^ii  rtudles,  male  to -arf^  tho  erid  of  ,th>  vo;;'?;};*  in  the 
Atlantic,  iniicato  that^  t^ere  ix>  life  at  depths  np' to  7,6^00  m.  7he 


tra-rfling  depth  reached  by  ’'Albatross'’  erdoed^  the’  recoprd  depth’  of  ‘ 
trawling  tr  o,Cbo  in  set  by  the' A:q?ecTltion  of  the-  Prince  of 'ronacc,' by  ’ 
i,oOC  ra.  It  interesting  to  note  Iri  this'  corinection  that  Soviet  imresti- 
■gators  dcrrieti'' out  trawls  nt  depths  in  exoess  of  "'l,'8o'0  as  early  as  19hP, 
10«  ilj’^ir'o-op’tical  investigations  by  moans  of  the  tj-nd^ILmotrio  nethod 
Trndfe  it  jioESi^jlc  tc  provi-.le  quantitative  d3t«ri;iinai.ionis  of  snspendea.  nat¬ 
ter  in  thei  mass  of  ocean  ‘Jators  anct  t'b’ dctormirie  tha  presence  of  nuTnorous 

'  V.  . Jr.' t'i  /  ■’•'■■■.'■■.rr:;’ 'I''., 

clouds  o.f  mud  in  the  oceans, 

’■Jithin  ten  months  f-fter  the  coniplctlon  of  the  "..ibafcross"  ro;'age,  the 
ship  "Vitsvis”'  (i'’ig,  ?)  began  its  investigation  of  the  far  liastem  waters 
of  thn  and  of  the  adjacent  parts  cf  the  ^’aclfic  Ocean j  it  is  a  Go- 
viot  rese-virch  ship.  There  i«  a  number  of  substantial  dlffercinces  in  the 
organisation  of  expeditionary  investigations  condiicted  by  this  ship  and 
by  the  three  above  •'entioned  foreign  e)q:>editlor)>  ("Albatross, "G^lctee" 
and  "Challenger"),  The  three  foreign  expeditions  vr-ere  'of  .an  episodic  na¬ 
ture;  t’-'oy  ecmpleted  around-the-worli  Voyages,  principally  in  the  eqn.‘?.to» 
rial  belt,  and  the  ships  completing  these  voyages  were  not  C' pressly  made 

for  expeditions','  bui  b'erV  acquired  for  a  relatively  short  pei-iod  (one 

..  •_  ■  ■  '<c.! .  '.'I’ vv  Ji‘ I  o’;-  <>■■■■'•■,■ 

?nd  a  half  to  tvjo  years),  ahd  were  only  adapted  to  oceanic  invoatigation.  , 

The  ships  as  such  were  relativity  .small  .in  siae,  xfith  "a  disnlacoment 
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of  1,000  to  1,^00  tons,  with  small  quarters  for  laboratories  and  limi¬ 
ted  sciertlfic  persoimtfL.  For  t^  reason  they  did  not  have  an  opi^or- 
tunity  to  conduct  conipleK  oceanographic  investigations,  and  chiefly* 
worked  in  aty  si^le  field.  Thus,  for  example,  "aalrtea"  studied  mostly 
the  animal  and  bacterial  population  of  the  ocean  bed  and  of  deept^ater 

trenches.  The  ’’Vityas  ”*  is  a  much  largar-siaed  ship,  Ker  displacement 

.  < 

is  5,^00  tons,  the  scientific  personnel  is  between  60  and  persons,  and 
there  are  lli  vrell-equipped  laboratories.  This  makes  It  possible  to  conduct 
simultaneous  eoj>q)lex  work  in  all  branches  of  oceanogr^hy,  with  the  deck 
and  laboratory  equipment  being  adapted  to  this  purpose.  Although  some 
individual  voyKOS  of  the  "Vltyaa*”  are  tindertaken  for  special  purposes, 
in  general,  hovrever,  the  investigations  are  of  a  wide  complex  nature. 

The  specially  equipped  expedition  ship  ’’Vityaz'"  bAdngs  to  the 
Institute  of  Oceanology  Ac  Sci  USSR  has  been  engaged  in  uninterrupted 
work  since  19U9  and  will  continue  the  work  in  the  future.  This  will  make 
It  possible  eontinuilly  to  improve  the  laboratory  ship  in  all  the  details 
of  the  con5)licated  and  many-sided  methods  of  marine  work,  and  to  maintain 
succession  both  in  this  regard,  as  well  as  with  regard  to  the  problems 
being  developed  and  investigating  habits  of  the  numerous  personnel  of  co¬ 
workers  and  officers  of  the  "Vityaa*,"  The  Institute  and  its  floating 
^search  base  form  a  single  unit,  and  their  simultaneous  activity  trfll 
assure  Soviet  oceanography  continued  siiccess, 

Tliere  are  additional  substantial  cor^lderatlons  distinguishing  the 
work  of  the  three  foreign  expeditions  from  the  work  of  ” Vityas’,**  Until 
the  present  time,  the  latter  conducted  investigations  ’/Tithin  a  relati- 


V. 
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expejditlcna. 


«  Routes  of  the  ’’Vltyaz’’* 
1949  -  3955. 
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vely  anall  area  of  the  ocean:  in  the  Sea  of  Japan,  Okhotsk  and  Bering,  f 
and  in  the  adjacent  part  of  the  Pacific  Ocean,  coi:5>rising  a  total  area 
of  about  7  million  km^#  During  that  time  "Vltyaz***  completed  25  sep^  ate 
I  voyages  In  the  Par  East  (Fig*  3).  During  the  period  of  the  International; 
Geophysical  Tear  the  ship  completed  several  addition«d  major  voyages 
encompassing  the  entire  Pacific  Ocean  within  the  limits  of  the  Northern  ^ 
Hemisphere,  and  one  of  voyages  carried  the  work  of  the  "Vitya* '«  In  two 
meridional  cuts  far  south,  to  HeiT  Zealand. 

Tne  "Vitya* *"  investigations  have  contributed  much  new  material  to 
the  study  of  the  Pacific  Ocean  depths.  Great  care  has  been  taken  to  de¬ 
scribe  the  relief  of  the  northwestern  part  of  the  Pacific  Ocean,  and  par- 
tlculai'ly  of 'the  Kurlle-Kamchatka  trench  and  of  the  underwater  part  of 
the  entire  Kurile  Island  chain.  Huge  underwater  mountains  were  discovered 
and  described:  the  "Vitya*  •"  range,  the  Academician  Shirshov  range,  and 
the  Ncrth-Haxjaiian  range.  A  very  large  number  of  long  (up  to  3U  m)  columnr 
were  obtained  of  bottom  sediments  and  determinations  were  made  of  the 
total  thickness  of  porous  deposits  of  the  bottom  and  of  their  chemical 
characteristics.  . 

The  study  of  the  deepwater  zone  of  the  northwestern  part  of  the  Paci¬ 
fic  Ocean  uncovered  new  deepwater  fauna  with  hundreds  of  new  forms  and  a 
large  number  of  new  kinds,  families,  and  categories  of  a  higher  system, 

Soviet  biologists  produced  a  new  chart  of  vertical  zonality  in  the 
distribution  of  oceanic  fauna,  a  new  deep  ultra— abyssal  zone  has  been 
isolated  and  substantiated  (over  6,000  m)  —  the  zone  of  oceanic  dep¬ 
ression's  with  its  separate  characteristic  living  world.  The  first 
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diRgriMtt  of  ft  gaographic  zoning  of  the  deepv.eter  fauna  of  the 
oceans  was  ciade,  axp..aiaiug  its  numerous  ecoloeical  peculia¬ 
rities# 

Hydrocher;iics.l  anri  hydrolo;/icol  investigations  of  ocean 
depths  also  uncovered  a  lot  of  new  matter# 

The  University  of  Copenhagen  was  spcnsor  of  the  "G-  la tea” 
expedition  (Fig.  A  navy  frigate  yr&a  used,  which  was  >pecial- 
iy  refitted  for  invevstigc.tlou  work,  'iho  'TTalatoa' v''  diriplacej-'ent 
r.'as  1.6‘50  tons  and  the  npeod  >vas  It  knots.  The  ship  '.van  QC;uip- 
ped  -.vith  one  lai't-:e  laboratory  and  living  cu^rterc  for  li:  to 
scientific  workers.  Ine  ecyjipi'Aent  Included  a  modern  automatic 
ff..-,unding  device  up  to  10,000  m,  a  doepw^ter  trawling  hoist  ob¬ 
tained  from  the  ‘’.Mbo cross,”  refrigerators  to  preserve  speci¬ 
mens,  special  equipment  for  geomagnetic  research  at  great 
depths,  tr?.wls  and  Petersen  'iredges# 


Pig.  4#  The  ship  of  the  Danish  round  the  world 
expedition  ’’Galatea,'*  1950  -  1952# 
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Proxos'ior  .-.nton  Bruun  oC  the  oAivorj^ity  of  Copc;X)hagen  v/ar 
sci<^r*tifio  director  of  the?  expocli.tion#  A  Leo  taking;  pa.rt  xn  th 
expedition  v;ere  Px'oi’eFioorn  .  r  i  ca,  *.t!  - 

ber  of  D-nl/^h  and  several  fccei;rn  r.c':olo.rs,  p-^rticuiur .I7  the 
fflicrobiolc.5l3t  Zohell  (US..),  Xullenbcrn  (Sweden),  Devis  (South 
Afrif^a),  as  well  as  2oolofj:ists  fro’a  India,  Siam  and  the  Philip¬ 
pines. 

The  main  nur’pv-'.Qe  of  t,.o  expedition  was  to  study  life  at 
abyesnl  depths,  and  especially  in  deepwater  ocean  trenches* 

The  -plans  celled  for  investigation  by  means  of  deepwater  traw¬ 
ling,  taking  samples  from  the  floor  and  soil  tubes  of  compara¬ 
tively  short  len  th,  as  svell  as  sampling  water.  In  addition,  the 
ocean  floor  relief  v/as  to  be  studied  tnrouracut  the  whole  route 
of  the  exuedifcion,  •..'ith  r/.nre  detailed  measuremftntr.  taken  in  deep-  ■ 
'.voter  trenchos.  Magneto.rot.ric  ob.';-.‘.  r-v..  tiona  .vere  a  seuarute  tas); 
of  the  ''I' 1'  tes"  e;cpc '.iJ. lion. 

The  ’’G' la  tea''  lefi  Cop-a:ihiigen  cn  October  1:’,  lp'':0  and  vva.'S  at 
PCS.  for  21  months,  voturni.-:'!;  to  Oo.>o;i;,r.ger)  93  July  1'^,  I'-'iJ* 
itinerary  o-  the  eXi'-'ditioh' '(Fi g.  5)  'voc.  {ts  fo.llcv/s;  Oo./c;;  hey  e.n  - 

-  '■;■'•.•!  ij.i  Cijc'.n.iel  —  3;.y  of  Ui.scay  y-, .Coa;st  ;of  .'eyi  -'.iric  c*  —  Cepe 
.  ’jgv.vn  —  Co’iot  of  Hast  ■.fric?!  —  Jo  •la gas, cor  —  p  io.-.ibastre  --  .Icruciiel- 

lo.T.  Tsirnhu  —  Ceylpu  t-  Calcutta  --  JiicQbar  —  Sluyanore  —  3v',r<'::- 

t- ■  j  "  'i- '.V:  .  ■ 

kol;  —  P:.5-lip,rdncr,  --  Indone.'Kiu  --  Hsv.-  Guinea  —  .'sodo  :on  1.  Ir.nd.s  - 

-  -e- •  tern  v’r.'.-  ••oui  ha'’n  / .)  t.'i;  lia  —  Tan.vehia  —  'ellin.ylor’ 
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Campbell  —  Auftkladd  —  Kermadek  —  Tonga  —  Saaoa  —  Hawaii  • 
>  California  —  Mexico  —  Panama  ~  V7est  Indies  —  Azores  — 
English  Channel  —  Copenhagen* 

The  material  gathered  by  the  expedition  was  processed  af¬ 
ter  its  completion*  A  number  of  articles  and  books  explaining 
the  7/ork  of  the  expedition  ?/ere  published,  also  the  second  vo¬ 
lume  of  the  Proceedings  of  the  Expedition  containing  articles 
with  the  results  of  fauna  collecting  from  depths  greater  than 
6,000  m*  The  follov/ing  are  the  most  notev/drthy  results  of  the 
"Galatea"  expedition. 

The  expedition  conducted  detailed  investigations  of  the 
floor  relief  at  great  depths*  Work  in  deepwater  ocean  tranches 
proved  particularly  interesting*  Such,  for  example,  are  data 
concerning  the  underwater  rblief  of  the  Philippine,  Java,  Solo¬ 
mons,  Tonga  and  Kermadek  trenches*  The  work  of  the  "Galatea" 
disclosed  the  step-like  nature  of  the  slopes  of  deepwater  tren¬ 
ches  and  a  narrowness  of  their  deep  parts*  In  should  be  noted 
that  the  "Galatea"  took  measurements  of  the  depth  of  the  Piiilip 
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pine  trench  producing  a  very  critical  appraisal  of  earlier  data 
concerning  the  maximum  depth  of  this  trench*  Instead  of  the  ear 
lier  known  "Cape  Johnson"  depth  (10,5^0  m)  the  "Galatea"  measu- 

f  .  ,1 

red  10,082  m,  and  the  maximum  depth  of  10,265  m  found  by  the 
"Galatea"  should  be  regarded  as  the  maximum  depth  of  the  Philip 
pine  trench* 


a! 


/  The  most  interesting  results  of  the  expeJition  are  in  the 

/ 

field  of  biology#  The  e:3cp. edition  discovered  a  large  number  of 
new  forms  of  deepwater  animalsi  conducted  succeosful  trav/ling 
and  dredging  at  the  greatest  depths  of  the  Philippine  trench 
and  daterained  the  existence  of  a  specific  abyssal  fauna.  Like 
Soviet  investigators,  A.  Bruun  believes- that  it  is  possible  to 
set  apart  a  separate  zone,  deeper  than  6,000  a;  he  calls  it  the 
hading  zone.  In  adcition,  bacteria  were  obtained  .from  raaxiauM 
ocean  depths,  belonging  to  the  barophlle  type,  i,e*,  adapted  to 
life  under  great  pressure,  which  perish  when  pressure  is  reduced. 
Investigations  of  the  productivity  of  the  oceans  were  also  made, 
and  they  are  Interesting}  they  were  conducted  by  the  radiocarbon 
method  —  a  study  of  radioactive  carbon  fixed  by  plankton.  The 
results  of  geomagnetic  observations  have  not  been  published  as 
yet. 


The  round  the  world  expedition  of  the  '^Challenger''  (J’ig«6) 

/ 

was  sponsored  by  British  scientific  hydrographic  institutions. 

This  ship  of  l*l40  tons  displacement  was  bu5.lt  in  1951  and  bears 
the  name  of  her  famous  predecessor,  the  "Challenger"  which  com¬ 
pleted  a  round  the  world  voyage  between  1872  and  1876.  The  new 
"Challenger"  was  equipped  with  modern  automatic  echo-sounding 
devices,  bathythermographs,  the  latest  apparatus  for  seismic 
measurements  at  sea,  and  with  standard  equipment  for  magneto¬ 
metric  end  biological  research.  There  were  95  people  in  the  crew 
of  the  "Challenger,"  but  only  three  scientific  v/orkers.  Seismic 
investigations  were  conducted  by  Haskdll  of  the  An«;lo-IrBnlan 
Oil  Company  and  Sv;allow  of  Ceimbridge  University.  Me  gn.2  tome  trie 
and  biological  oboervati-ons  were  conducted  by  the  .ehip'r.  p’-s.l- 
cian,  3).  Haines.  Standard  bs  thy  thermographic  invent  igations,  re¬ 
cording  of  temperature  and  water  salinity  v/erc  conducted  by  the 
captain  and  officars  of  the  '’Challenger."  H.  'litchie  was  in  com¬ 
mand  of  the  "C<  Biien.ver ."  The  expedition  heid  three  main  puri>oseB* 

1.  Continuousi  ecJio  sounding  the  route  to  deter 'tine  depth,  end 
vri.th  particular  att-jntion  paid  to  little -kne  n  banks  whicli  arc  ia- 
portvnt  to  n^vigption.  Kydrogratdiic  inve!iti;;ationn  '"ere  the  main 
cb,1oct  of  tho  .!-,cyouition. 

f 

S.  Kydrologicjl  investi.-.utlons  and  taking  of  t-  ter  nanples 
w ■  th  bathynuterc  fron  depths  ud  to  4,000  m,  to  ov\‘v..i.e  •...vnt  d‘:ta 
collected  by  piv-vioviR  expetlitlonr. .  The  surface  water  temueratui'e 
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vreue  taken  hourly,  and  ijr.thy tlier:uO';rc.-?hE  v’ore  lov-ere-i  three 
tiaes  every  2*!  hours. 

Invest '  .ationa  in  t:'.o  oi  ooV  o;;y  ono.  :■.> .'.S:.iinc, 

and  ai.iuitaneous  biolo.  ic&i  and  an  ^a-rtorantrio  obcwrvationa , 


•.vorld  e'scpcition  '•  I'l'yO  » 

The  ojcpedition  left  J-l;.’’. ;cutVi  on  ;'ay  1,  nnd  enned  ett 

i'orts'.’.outh  on,  flepte.-aber  29,  1^??-,  i«Ot,  it  co.: tinned  for  29 
Konths,  The  itinerary  too.;;,  e/.p -icition  ncross  V/  A  t,  O  <  U  ^  1  k  t,,  ^  0 
Ocean  to  Bermuda,  throryli  ti'o?  -an  laa  Canal  to  the  ncific,  nlon.:: 

the  coast  of  ITorth  'itnerico  to  'J-noauvar ^  then  across  tho  Pacific 
to  r!a'"®ii^  the  Aleutians  xn  the  Aj  v'Kcticv;  of  Jap-'.r,  a.n.  “..:sa: 

Hew  Cuinaa  —  He".'  Se'-land  --  Fiji  I;:;l?.;uus  --  '.ho  i.''-i.ria.cas 


canyon  —  Jsi'pan  —  Hong  Konj  —  Java—  Colombo  —  Soych^lleo ' 
T.-;:i?.nC'.e  —  Hod  Gen  --  iloditsrranecn  —  Gibraltar—  j3n'..;lar.d«  ’ 

'J.’he  ccionSiflc  ro^iultr.  of  the  expedition,  have  not  been  fully 
■oubli.'i'ueci  as  .yet}  there  are  only  fjpo.radic  articles  in  diffex'ant 
areas  of  ree'esrch,  espciOially  seifiniism.  The  hydrofsrapPic  Materiel 
of  ftxpodition  v.hich  is  epnerently  very  volu^iinous  and  valu¬ 
able,  ea  ire  can  jad/^e  from  the  oectioa  of  a  dot&ilad  neasure.'iabnt 
•plotted  on  the  C'j.  rt  of  the  expedition’s  route,  has  not  been  .pub¬ 
lished* 

A  total  of  17  coaplete  hyr1rolo;.:ical  sto.ps  v;ere  iiinde  Ouring 
the  expedition  v/hen  water  xaaples  were  t alien  with  bethyittetorsi 
alcnr  with  eci..o  sounding,  some  interoisting  cbsc-rvctlone  were 
mode  concerning  the  vertical  mi.rcration  of  phytoplankton  noted 
on  ec'.'.o.graphs.  The  echo  horizon  in  the  upper  layers  of  ivater 
near  the  coast  of  California  was  at  a  depth  of  40  to  60  m  at 
night  and  at  about  300  a  in  the  daytime*  The  rate  of  the  verti¬ 
cal  shift  of  the  echo  horizon  was  about  4  m/min  during  the  morning 
and  evening  hours  when  the  echo  layer  was  descending,  and  2!  to 
3  m/min  when  It  waa  rising*  This  rate  was  observed  for  5  conse¬ 
cutive  days*  A  plankton  net,  lowering  into  the  echo  horizon  by 
indications  of  the  echo  sounder,  as  a  rule  brought  up  a  lot  of 
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calanus,  medusae,  euphausidae,  pteropoda,  sagitta,  etc*  No  fish 
was  caught  in  these  places,  W/eyer,  there  were  recordings  on  the 
tape  of  the  echo  sounder  similar  to  those  observed  when  fish 
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amass,  'fhis  echo  layer  was  so  dense  that  pulses  reflected  from 
the  true  floor  did  not  roach  the  receiver  of  the  ecno  sounder 
and  the  false  echo  could  easily  be  confused  with  the  true.  It 
is  probable  that  the  discovery  of  a  nuaber  of  bunks  in  the  *''a- 
cific  Ocean  is  associa  ted  with  this  kind  of  interference;  they 
vjsre  recorded  on  tapes  of  aiitoijatic  echo  soundsi'i  tut  were  not 
found  durins  subser-uent  investi-ations. 

■j'hs  -ireD  iMiriT  i'y  data  of  the  -Cha  i.len';ier"  exp  •iitJ.cR  on 
echo  soundin/r  which  are  available  to  us  indie  te  tnat  there  are 
undcrW'Vvter  /uoiuitainc  in  th Pacific  Ocoan,  risinj^  to  oet- 
v.'een -i.-OCO  and  5,000  ra  above  the  aurroundino  floor.  Ir.  a  nu 'bar 
of  caves  the  tons  of  these  Mcuntuins  I'iss  the  ocean  nurf?  ce  ay 
30  to  50  m,  -and  represent  an  iudurtri--!  and  avi  ’  txC'  .U'  inte- 
rent.  It  '•ac  noted,  in  p;:x.:ticular,  that  viis-ct'ting  soal.s  ccncon- 
tr.'.te  clof-re  to  tb.v  to.;e  of  '.ui:!-:' ter  .'.cunt.'. ins,  J.-r 

..-'.in..  L];‘j  ;  i.1.0  or  feetiin'.'  '.'.uriu,  '  t.vci.a  tr.’"'. 

O'Ufe  of  0/  i.  > St  i .1 1 ■  r  t  i n , ■  resu?. ts  of  t/io  ■  C.  ■■•l.'.ori  'or" 

%'0::h'''0  the  ■  ircove'ay  of  the  pr o.'.test  dept  •  of  ti.a  ■  ■•'r.'.u 

occ  ns  If;, -''>3  !.T  in  tae  hoA’icnac  canyon.  'j/'P-a  :''j..:uv3  './ns  .r  de 


none  r.'..; j.  ;o  • 'ny  the  '■■V  ityrs;’ " 


tio'u  i":  l;-57,  ;  vna 


pvor  mt  t..  11, rod  o  Ora-ld  be  conci-crod  tb.p  preatov t  de 
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loct  filly.  i.i;  i;;vt3n--.ted  in  print  are  the  cppwa3.tionE  r.c;/.ie« 
ve.'.ants  in  .the  field  of  deter.uininp  the  thiclnie.es  of  :;'Crous 
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Pediments  on  the  ocean  floor#  New  seismic  apparatus  was  used 
for  this  purpose.  Explosion  impulses  were  received  by  means  of 
radio  buoys  which  were  placed  alons  the  profile  at.  a  distance 
<’of  1  to  6  miles  from  each  other.  The  hydrophones  of  the  radio 
buoys  were  lowered  to  between  20  and  30  m.  The  work  was  conducted 
by  the  broken  irave  msthod,  end  the  weight  of  BB  charges  fluctu¬ 
ated  betvreen  40  and  100  kg.  The  data  obtained  concerning  the 
thickness  of  bottor.:  deposits  and  the  propagation  of  sound  v/ithin 
them  make  it  possible  to  conclude  that  regions  occupied  by  the 
oceans  at  the  present  time  differ  by  their  geological  structure 
sharply  from  the  continents,  and  oceaiis  apparantly  came  into  exi¬ 
stence  in  remote  antiquity.  This  is  confirms^  by  the  seismic 
cross  section  of  the  sediments  on  the  ocean  floor.  Under  the 
layer  of  porous  deposits,  the  ocean  bottom  contains  rocks  in 
which  sound  propagates  at  a  speed  of  6,300  m/see,  which  corres- 
onda  to  the  basalt  indicator. 

The  speed  of  sound  is  lower  In  the  underlying  horizon  of 
the  continents.  It  is  between  5.000  and  6,000  m/sec.  Particularly 
sharp  differences  are  encountered  in  the  location  of  the  Mohbro- 

vlcie  divide,  which  is  much  closer  to  the  surface  in  the  oceans 

} 

than  under  continents.  Seismic  investigation  of  the  Pacific  ocean 
atolls  confirmed  the  correctness  of  Darwin's  hypothesis  on  the 
development  of  atolls  on  ancient  volaanie  cones  which  are  in  a 
state  of  slow  sinking.  It  was  determined  by  seismic  investlga- 


tions  that  the  thickness  of  porous  sediments  in  the  Pacific 
'and  Indian  Ocean  is  smaller  than  that  in  the  Atlantic  Ocean  by 
a  fac  or  of  tv7o  to  three.  I'his  is  probably  asoociuted  with  the 
rate  of  aediaentation  and  conditions  of  sediment  formation  in 
these  oceans,  and  not  with  a  difference  in.  their  age#  It  is  also 
possible  that  the  thickness  of  sediments  in  the  Indian  and  ?aci- 
■tic  Oc-r;nn  is  associ.  ted  with  the  presence  of  seams  of  basalt  lava# 

It  should  be  conaiddred  that  the  stops  made  by  ••Chollenger" 
in  the  Atlantic  were  generally  made  closer  to  land  than  in  the 
v'ticific,  and  bottor;  deposits  were  represented  by  the  relatively 
faster  forming  globigerina  silts.  Finally,  the  stations  in  the 
J'orth  j'tlentic  are  located  in  the  zone  of  ice  thev/in;j  during  the 
period  of  the  la'?t  glaciation. 

It  would  be  interest  inf'.'  to  make  the  folio  ring  calcu  i.  •tion* 

the  r.9.te  of  the  present  sedirient'-  tion  of  globigerina  silts  e-'.'.mls 

i>. ro'.ri  .citely  3.  cr.i  per  1,000  years.  If  we  would  accoot  rate 

f'j  c.-  il.ica.ble  tc  th'  geological  hx.story  of  the  oceans  and  oonst- 

:nt  '-ithin  tion,  and  if  we  \;ould  osr.uae  that  the  oceans 

vjer7  fovrtccl  about  2  billion  years  ryo,  the'' tnicknsss  of  porous 

deporitc  on  the  ocean  floor  slioiild  const Jtu'-e  about  10, t'  m. 

> 

This  co“,.''icl:;r-r..blv  enceods  the  re-oults  of  direct  dctcruination  of 

r 

thicr.ness  by  Oieit-.!'.ic  ".■ethod,  v/Uich  is  6C0  to  l,OuO  m.  Such  a  great 
difference  can  be  eetpinined  by  fluctuations  in  the  rate  of  sedi- 
pvintotion  in  the  past,  and  pavticul-orly  by  the  fact  thet  they 
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rate  of  '•o  ’,lr.''..5ntation  in  the  oceans  at  the  prci:ant  is  ‘such  hi 
f.;her  than  in  th ;Hoj  (:',‘;icai  cast,  ‘'he  incrcnned  proc  -’iit  rats 
se  j  :;r.;nb.-’tioti  in  th?  ocesma  may  bo  o.s.';oci.v tod  ■■/ith  a  'i;i;';.hor  s 
of  the  continonte  and  'vith  an  iocrc/: sinr;  role  of  orrj-anotconio 
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sedimentation , 

Ths'OG  is  also  a  very  interesting  conclusion  mede  by  '.last-.ell 
and  '>vfallov/  to  the  effect  thct  ther^'  is  a  possible  'jTfidual  tran- 
-ition  frc\'  the  ■:tr-..icture  of  continents  to  the  .'tructnve  of  t’ne 
•cofu  floor, 

.Data  on  hiolc  ical  an  .  w^gneto  r.et  t’ic  observe  ti  ;'V)S  hove  not 
been  •.■i’hlir:;hed  ns  yet, 

T  'US,  an  far  ns  wo  can  judf;e  by  the  published  .••.at.  vinl ,  the 
'’Chr.li en^-or''  o:.:pidition  provided  the  ..'.cat  inter- nti!’,;;  ^v'.te-ria.l 
in  the  fi-O.d  of  treology  of  the  ocean  floor  --nd  in  the  .•'iel.-.l  of 
.“Cr  0 .  •  o  r  >  0  j.  o  y  y , 

71  i~  evt-deiit  irc;.  .■v'na.t  na.n  been  oi  id  nbove  t.;i.  t  ti-.e  -data 
nev/.ly  collected  hy  four  large  res  rob  e::-pediticii8  duriny  t!ie 
I'st  10  ye-rs,  yertainin.';  to  the  mitui’-e  of  th.i  oc  ns,  ronrescjit 
e.ytr-'..o.vvinriry  interorfc,  hov^ever,  wo  ;n«ot  alro  con.sidei'  f?o;ie  .'h.ort 
cc. ii;-:^;;5  in  the  orymlJintion  of  .lor'.:  of  th’;-  throe  fo.rsi^-a  B.v:|)erii- 

i 

tionij,  v/l\\ch  rc.inteci  out  It  to  mc  iicteci  tlictt  due 

t 

to  .'.all  Ir.bo-L-^tcry  ..•^'■-aco  ;ind  a  small  nu-.iber  of  sci.5nti-Lic  y-.orcon 
nel,  tho  foreign  y^'pocliti  one  were  not  co.i’.plex  oceanoyra  »  in  expe- 
itions  —  esch  one  ./as  set  iu  a  definite  direction,  Tiii.e  -puts 
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a  definite  icipriiit  on  all  the  results  obtained*  The  li/aited 
proft-rams  of  the  investiji’afeions  did  not  make  It  possible  to  get 
a  sufficiently  complete  picture  of  the  interrelation  -nd  inter- 
depend^hee  of  natural  phenomena,  and  did  not  provide  a  suffi¬ 
ciently  full  understanding  of  the  nature  of  the  oceans. 

The  "Galatea"  expedition  had  the- most  numerous  personnel, 

20  persons,  while  the  "Challenser"  had  only  3  scientific  workers. 
It  is  hardly  possible  to  solve  the  quite  considerable  problems 
feeing  an  expedition  ship  with  such  forces. 

It  is  also  necessary  to  note  the  relatively  short  duration 
of  the  undertakings  which  limited  the  possibilities  of  research. 
Work  was  interrupted  at  a  moment  when  it  would  seem  that  two 
years  of  research  should  have  been  yielding  further  fruitful  pro¬ 
spects.  The  very  nature  of  all  three  itineraries  conttibuted  to 
greater  intervals  between  stops  and  to  a  certain  fragmentarity 
of  the  results. 

It  is  necessary  to  note  in  conclusion  that  the  above  men¬ 
tioned  stage  of  oceanographic  investigations .  is  associt^ted  with 
a  considerable  ‘development  of  international  relations. 

Several  international  associations  have  come  into  existence 

r 

in  the  past  several  years,  dedicated  to  the  development  of  ocea- 
nographic,  and  particularly  deepwater  exploration.  The  so-called 
lACOKS  (International  Advisory  Committee  on  Karine  Science)  has 
been  part  of  Ui®SC0  for  two  years,  and  the  International  Council 


rB 


of  Science  Unions  ("ICSU”)  has  established  a  Special  Cocwittee 
of  Ocean  Hecearch  ("SCOi?"),  .^.tta.ched  to  this  Council  there  is 
also  an  Irruernatioua'i  CcMnittee  on  Deepsea  ueseurc*.'.  and  its 
journal  "Decpsea  Keses.rchf"  which  is  international  in  sconst 
Lively  activities  are  observed  again  in,, the  International  Ct:uncil 
for  Ses  Ct.xidy  (IC.'IS*')  v'j,.'ich  was  founded  5?  years  ago* 

it  is  particularly  iaportsnt  for  the  sake  of  intei'nationel 
coopex’ation  2.n  the  '<  ield  of  the  study  of  oceans  and  in  the  exnloi" 
tatioii  of  their  rav;  naterial  resources  that  the  open  epecea  of  the 
oceans  an<i  ruirriorous  seas  do  *not  bslons  to  any  state  individu.-.liy. 
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I^NVESTIGATIONS  OF  THE  FLOOR  RELIEF  OF  SEAS  AND  OCEANS 

by  0*  B.  UdintsAT 

Successful  studies  of  the  subniarine  relief  largely  depend 
on  the  quality  of  the  technique  and  on  the  aethod  esployed*  The 
object  of  the  investigation «  hidden  fros  the  observer's  eyes,  oan 
be  studied  with  the  necessary  attention  to  details  only  on  condi¬ 
tion  of  using  sufficiently  perfected  technical  aeans  and  nethods. 
World  War  II  gave  rise  to  intensive  development  of  hydroacoustio 
engineering  and  navigational  aids*  It  was  possible  to  use  all 
these  means  within  the  past  few  years  in  hydrographic  and  oceano¬ 
graphic  investigations  for  peaceful  purposes,  first  of  all  in  the 
study  of  the  subaarine  relief,  further  engineering  developments 
in  the  postwar  period  even  more  accelerated  improvement  of  tools 
and  methods  of  depth  sounding  and  of  plotting  a  ship's  position 

on  the  open  sea.  The  general  level  of  the  scope  of  oceanographic 
work  showed  in  the  organization  of  large  expeditions  and  in  the 
completion  of’ large  systematic  and  complex  studies  which  contribu¬ 
ted  to  a  rapid  asMssing  of  new  information  on  the  floor  relief  of 
seas  and  oceaois.  The  collected  facts  permitted,  in  turn,  to  draw 
important  inferences}  new  hypotheses  appeared,  and  considerable 
success  was  achieved  in  stating  and  developing  some  important 
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pardbX«ms  of  parine  gooffiorphology*  All  t.hls  nalcts  It  possiblo  to 
I  rsgard  tho  postwar  period  in  the  development  of  oceanography  as 
I  a  sbage  whioh  is  qtuilitatively  different  from  the  preceding  period* 
r*i  A  concentration  of  the  efforts  of  all  nations  on  the  inves- 
hiipution  of  the  oceans  of  the  world  duf ing  the  period  of  the  In- 
.  ternational  Qeophysieal  ^ear  justified  the  expectation  of  a  new 
j  ups'aTge  of  oceanographic  investigations  in  the  near  future,  and 
this  promises  to  advance  our  concepts  of  the  submarine  relief 
even  farther  ahead* 

Technique  and  Method  of  Investigation 
of  the  Submarine  ftelief 

.  Depth  sounding  is  the  basio  method  of  studying  the  relief 

mt  the  present  time*  It  was  characteristic  of  the  preceding  pe¬ 
riod  of  investigation  that  there  was  an  almost  complete  abandon- 
nent  of  the  hetetofore  widely  iised  method  of  line  sounding  of 
depths  during  the  prewar  years,  and  its  limitation  to  the  mere 
Sfole  of  a  check  method*  The  sonic  method  is  now  the  principal 
method  used  in  echo  sounding,  and  its  use  in  the  practice  of 
c»!ceanographie  and  hydrographic  work  began  in  the  late  1920s  and 
>  MrXy  1930s*  l[ue  to  the  improvement  of  their  design,  echo  soun¬ 
ding  devices  have  become  so  effective  in  solving  the  problems 
of*  investigation  that  in  the  postwar  period  no  expedition  of  any 
silgnificance  would  ao  without  them*  The  basic  property  of  modem 

echn  sounders  lies  in  the  fact  that  they  afford  an  opportunity 
esf  fcontittuous  automatic  recording  of  the  depths,  and  this 


-.^^^.^.'‘'n  ’Vl^i;\  V|'-vv'  ■•.;>■'■  t  ■■ ;■*••  ■•  ■". 


.^,  vv;^^>r  '^:;^vc  •  >V 


^■i 

1 


1 


t 


i 


!  makes  them  widely  applicable  in  research  practice |  measurements 
ere  made  very  frequently  and  with  groat  accuracy;  their  power 
is  sufficient  to  measure  the  very  f^reatest  ocean  depths,  and 
they  are  compact  and  reliable  in  operation  and  siiaple  to  servo,  > 

'Jhe  most  complete  assortment  of  different  types  of  echo 
so’inders  had  lately  been  produced  by  the  fir*ms  "Kelvin  &  Hu,-:hes" 
(Cir.>at  Bt'itain),  "Bendix"  and  "Blectronic  Corporation"  (USa), 
"Atlaa-Verke"  and  ’ Blak"  (vVest  ’•Germany),  and  by  the  Soviet  ship¬ 
building  industry  /85,  89,  l48,  4ll/,  The  poetv/ar  production  of 
e'ltomatic  recording  echo  sounders  which  ensure  reliable  measure¬ 
ment  of  the  very  greatest  ocean  depths  la  de^ppeea  trenches  Is  an 
important  achievement  of  sound  measurement  engineering;  echo 
sounders  of  this  type  had  been  unique  for  a  long  time.  Now  they 
are  produced  by  the  British  firm  "Kelvin  and  Hughes"  /279/»  by' 
the  iiiiierican  firm  "Sdo"  /I85/  and  by  the  Japensee  firm  "Nichon- 

e* 

Denai,"  Host  interesting  for  research  purposes  are  the  precision 
echo  sounders  v;hich  make  it  possible  to  detect  even  the  smallest 
relief  shapes,  and  echo  sounders  equipped  with  electron-ray  tubes 
used  for  the  study  of  the  natvire  of  the  floor  soil  and  for  de¬ 
tecting  fish.  Such  echo  sounders  are  produced,  in  particular,  by 
"Kelvin  and  Hughes,"  "Bendix,  "  "Atlaa-Werke',’  "Elak,"  "Nichon- 
Denai"  and  some  other  companies. 

Descriptions  of  the  neiv  types  of  echo  sounders  produced  in 
the  postwar  period  are  contained,  on  the  one  hand,  in  numerous 


company  publications  of  the  ’’Service  lastructions"  type,  and, 
on  the  other  hand,  in  a  number  of  review  articles  on  the  sub* 
ject  and  in  manuals  on  electro-navigation  equipment  /94,  113, 

122,  131*  168,  183,  185,  221,  222,  268.  420,  426,  436/.  lechni- 
cal  cdescriptiona  of  echo  sounders  and  their  basic  characteris¬ 
tics  can  also  be  found  in  a  number  of  works  on  the  use  of  echo 
sounders  for  research  pusrposes  /I,  2,  89 »  92/.  Problems  of  fur¬ 
ther  improvement  of  echo  sounders  for  research  purposes  have 
been  examined  in  a  number  of  articles  /251*  283,  310/.  Problems 
of  developing  the  technique  of  sound  measurement  of  depths  and 
the  latest  discoveries  in  this  field  are  also  expounded  in  some 
popular  science  articles  /102,  179*  230,  455/. 

The  wide  introduction  of  echo  sounders  into  the  practice 
of  geomorphological  research  required  a  development  of  problems 
of  methodical  sound  measurement  of  ocean  depths.  These  problems 
were  first  explained  in  a  plan  of  method  of  hydropgraphic  ope¬ 
rations  /lO,  64,  222,  314,  335,  432/.  This  can  be  explained  by 
the  fact  that  echo  sounders  were  fairly  widely  used  in  practical 

3 

hydrographic  research,  much  earlier  than  in  practical  oceanogra- 

r 

phic  research}  in  the  latter  echo  sounders  were  used  for  a  long 
time  only  by  large  individual  expeditions.  With  increasing  ocea- 
nographic  research,  a  need  arose  for  the  development  of  special 
methods  of  echo  sounding  measurements.  The  point  is  that  in  spite 
of  the  single  object  of  study  and  a  considerable  eommvmlty  of 


purpose,  there  is  stlj.l  the  well-known  diver rrence  of  tasks  fa¬ 
cing  rese^irch  of  the  floor  relief  in  the  sector  of  nydrogi'aphic 
and  in  tho  sector  of  oceanographic  v-ork.  In  the  former  cose  the 
floor  relief  interests  reoosrchers  from  tho  viewpoint  of  its 
relatively  nerrow  navigational  characteristics,  while  in  the 
latter  case  it  is  from  the  viewpoint  of  more  wide  and  complete 
char- ctcristics,  as  the  background  of  all  natural  phenomena  cc- 
ciu-rrin in  the  ocean,  as  a  mirror  of  the  i^jeological  structure 
and  history  of  the  development  of  regions  of  the  earth’s  crust, 
which  are  hidden  by  the  waters  of  the  seas  and  occans4  In  this 
connection,  problems  of  method  of  studying  the  underwater  re¬ 
lief  by  moans  of  echo  sounders  had  already  been  worked  out  in 
the  light  of  the  purposes  of  oceanograi'hic  research  /8o,  95, 

?S3,  365/. 

The  rain  theses  of  the  met  '.ons  of  researching  the  underwater 
relief,  dyvoloped  in  recent  years,  point  to  the  need  of  a  I’atio- 
nal  selection  of  e  t.  pe  of  echo  octinder,  and  of  a  method  of  Its 
operation  commensurate  to  the  oeptho  and  nature  of  the  floor 
surface,  ih.is  method  of  operation  ensures  accumulation  of  the 
most  detailed  end  accurate  data  which  would  subsequently  ma  e  it 
possible  to  produce  a  definitely  cofsplete  picture,  under  present- 
ly  existing  technical  possibilities,  of  the  floor  surface  of  the 
seas  and  oceans.  Methods  are  also  proposed  to  process  the  collec¬ 
ted  material  in  such  a  manner  as  to  present  it  in  a  sufficiently 


clear  way,  ao  that  it  would  he  moat  suitable  for  oceanographic 
and  geological  interpretation  /329,  422/. 

Some  problems  of  methods  of  operating  echo  soundera  are 
equally  interesting  to  hydrography  as  well  as  oceanography: 
these  are  the  problems  of  correcting  depth  findings  by  correo* 
tion  fcr  the  speed  of  sound  in  water  and  for  the  effect  the 
bottom  slope  may  bare,  the  problem  of  the  accuracy  of  depth 
measurements,  and  the  problems  of  deciphering  echograms.  In 
Tiew  of  its  complexity,  special  interpretation  was  made  of  the 

'N 

^  .eethod  of  calculating  the  speed  of  sound  in  water  according  to 
hydrologioai  observation  data  at  stations  /88,  138/,  and  of  the 
methods  of  calculating  corrections  for  the  speed  of  sound  bet¬ 
ween  stations  /64,  97,  108  a,  285/.  A  wide  discussion  was  cau- 
l)y  problems  connected  with  the  effect  of  floor  slopes  on 
the  operation  of  echo  sounders  which,  as  is  known,  produces 
errors  in  depth  measurement  and  distortions  of  the  floor  pro¬ 
file  on  echograms;  also  problems  of  the  principle  of  deciphe- 
)  ring  echograms  /89,  95,  105,  210,  218,  219,  223,  249,  377  to 
381,  432/.  Much  attention  was  paid  to  problems  of  special 
geological  deciphering  of  echograms  for  the  purpose  of  esti¬ 
mating  the  natuw  of  the  soil  and  stratification  of  bottom  se¬ 
diments  /I8,  87^  109,  no,  139,  267,  333,  358,  396,  4lO/.  The 
problems  of  accurate  measurements  od  depths  by  echo  sounding 
^re  referred  to,  in  greater  or  lesser  degree,  in  an  the  works  ! 
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cited  above,  eoiae  article*,  however,  were  dedicated  to  these 

problems  exclusively  /107,  156,  379*  ^32/» 

There  is  much  interest  in  the  possible  use  of  echo  soun¬ 
ders  not  only  in  the  study  of  the  underwater  relief,  but  also- 
for  wider  purposes,  for  example,  in  hydrobiological  research. 
Studies  are  made  of  the  possible  determination  of  the  position 
of  fishing  neta  and  other  fishing  equipment  in  the  water  by 
means  of  echo  sounders  /2V#  and  research  is  made  of  the  beha¬ 
vior  of  marine  animal*  /272,  382,  444/*  Within  the  past  several 
years  scientists  have  paid  particular  attention  to  the  possibili¬ 
ty  of  locating  fish  by  echo  sounding,  and  to  the  study  of  the 
causes  of  the  existence  of  a  sound-propagating  layer  in  the 
water  ?/hich  was  also  discovered  by  means  of  echo  sounding*  A  > 
large  number  of  works  have  been  published  in  recent  years  whose 
authors  not  only  express  general  ideas  on  the  possibility  of  lo¬ 
cating  fish  with  echo  sounders,  but  give  reports  of  experiment* 
in  such  seekings  and  provide  practical  recommendation*  of  using 
the  new  method  /I,  2,  24,  85,  89,  220,  265»  375 »  376/* 

The  problem  of  the  sound  propagating  layer  produced  a  vo- 

> 

luminous  literature;  a  majority  of  the  authors  perceive  it* 
cause  in  masses  of  plankton i  pelagic  fishes,  and,  in  some  eases, 
in  a  jump  of  the  density  of  water  /20,  147,  I6I,  171*  250,  253»  ' 
254,  255 »  271,  272,  313,  319,  368,  371,  395.  ^17,  425,  ^27/. 

The  problem  of  fixing  the  position  of  a  ship  which  is  mea- 

•  40  , 
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waring  depth  is  of  the  utmost  importance  in  the  method'^ of" 'in¬ 
vestigating  the  underwater  relief.  For  a  iong  time  edl  ae'ane 
fixing  a  ship*s  position  Were  limited  to' the  usual  nsvigationai 
methods  and  their  accuracy  was  relatively  low,  especialijr  oh' thi 
high  seas,,  from  visible  shores'^  The  lack  of  any  rb'ai  pohsi-'^ 
bllity  oif  detailed  area  investigations  of  the  underwater  reii^if 
was  a  very  annoying  result.  This  is  explained  by  the  fact  thh't 
a  eioser  spacing  of  the  measuring  positions  with  an' insufficien- 
tiy  accurate  determination  of*  their  ioeatton  produced  contradic¬ 
tory  data  on  depths  and  precluded  the  plotting  of  ’detailed  charts ( 
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^tiring  the  postwar  period,  in  connection  with  the  development 
of  ^ew  radio  engineering  methods  of  fixing  a  ship  s  position, 
considerable  changes  affecting  this  problem  have  taken  "place',  ' 
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The  accuracy  of  determining  a  ship* a  position  even  at  a' 
g'reat  distance  from  land  has  become  much  higher,  and  finally 
there  exists  an  opportunity  for  broad  detailed  "studies  of  the 
\anderwater  relief.  The  latest  methods  of  fixing  the  position  of 
a  mhip  are  described  in  a  number  of  special  articles  And  in 
general  manuals  on  hydrograpnic  operations  /64,  120,  14o, 
l^iii  339i  ^il/»  Articles  have  also  appeared  describing  the 

methods  and  resiilts  of  detailed  studies  of  the  floor  relief 
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of  the  seas  and  oceans  obtained  by  means  of  the  latest  radio 
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t^eohnique  methods  of  fixing  the  posltioif  of  a  ship  /IZPt  22S, 


Along  with  eohp  sounding,  which  plays  the  principal  part 
in  studying  the  underwater  relief,  two  r.ew  engineering  methods 
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are  I'ec  .-ntly  finding  ever  wider  upj)iicaticn  in  the  practice  of 


pc^anographic  oper-jtions:  underwater  pin-togi'cjjhy  -md  underwater 
television.  Wnderwater  cameras  for  p*iotograr,hy  of  . the  ocean 
floor  are  automatic  devices  lowered  on.  cables  and  capable  of 
taking  series  of  pictures.  The  de  lign  of  underwater  cameras  was 


rapidly  improved,  and  fine  r''jsults  are  obtained  ?;ith  them  now 
even  at  great  ocean  depths  /JC,  31,  37,  156»  l9^»  IS'9,  3^3»  366, 
37^»  Photography  of  the  ocean  floor  makes  it  possible  to 

obtain  valuable  information  about  the  snallest  shapes  of  the 
relief  which  are  Important  in  understanding  the  nature  of  some 
relief-forming  processes,  as,  for  example,  the  effect  of  bottom 
currents  and  of  living  organisms,  as  well  as  in  explaining  the 
properties  of  present-day  sedimentation,  underwater  landslides, 
and  relic  forms  of  the  subaeral  relief  encountered  on  the  floor 
/ISO,  320,  3^7 »,  385/«  this  connection,  there  has  lately  been 
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ft  noticeable  trend  to.  conduct  studies  af  the  underwater  relief 
oy  means  of  echo  sounding  and  by  means  of  a  close  network  of 
5i.  lul  1;.' neons  and.=;rv/aLer  photography,  which  help  to  get  a  cor- 
rect.^int-erpretation  of  echograms  /31»  ,193.  227,  307/» 

It  must  he  noted  that  underwater  photography  is  also  suo- 

.-..rr..'  ';  v.;’  oh.j  'j.:  n v  -.-t.  ■  ;  ;•  ■ 

iessfully.u&ed  in  taking  pictures  of  objects  in  the  water  disco- 

>v  rn  'v.'H  j-  >  agOi'iT  •'iV',  :.'cc> 

rered  by  echo  sounding,  but  difficult  to  recognize  /271,  372/* 


I* 
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Unclerw-atei*  teievi.sion  open.-?  ijroi&t  prospects  ’ Vo' rese^iVcii '  ' 


of  Bisal?.  relief  shapes  of  the  floor;  its  englheerihg' Vas^ 
cesi-ifully  developed  in  recent  years,  but  it  is  thus  fer  ajai; 
used  in  solving  biological  probleniB  /19  a,  oh,  1<'5» 


•-rT 


THo  'brtraniy.ation  of  Research'  of  'the~'  ">  f  ■' 


Underwater  Relief 


•  Iri  tbs'  postwar  pe-ridd  rese^irch  of  the  fflodr'rellef  of  :the 
seas  hhd  oceanic  wa’s  dohducted -dh:  a  very  ^widef '6cale  by  many  coun¬ 
tries  ‘Which  have'^  their*  ’own '^navted  ‘and  which  'are  '  interested  'in 
t'ne  devefdpilienV' of  navigation ‘and  marine  industry;  This '  research 
was  iT.ainly  car^?ied  but' within  the  framev»orfe  of  two'princlpal’ 
cr-^ahirationai'forrae* '  In'  the  ‘  form  of  iftc5,ddnt§l  reshi;  rcii  tfy  in-  ■ 
djVl'ciual  large'" arid'  coaplex‘bceanograf)i'tic'’  dxpeditionS'';Conductlng 
opera tionslh' large  areas  of  the  seas  and  oceahs,  and  in  the 
form  of  organizing- special  expeditions  Conducting  lengthy  and  ' 
planned  studies  b'f'' the 'underv  ater' relief  Within  the '  lifflits  of  ■ 
certain  Seas  and '  within  limited'  e'e'cVo'r^  oT'  obfeanS'.  The  first-' 
includes  certain ’'round  the  world  expeditions  investigating  ' ' 
larre  'areas  df’  the  ocbahs",  and  thW  Second  Includes  numerous 
expeditibiiis' iitt  iB’’'relH  trveiy  smaller  scale'  repfeht'edly  cohdnctO'd 
by  dif  ferehV  bceVhVgraphic  ihstltutes  end  'iabhrhtorise  for  •the”' 
purpose  of  sblVing  inUavl'uual  sdieH'tific*  problems  ,  ins  well  as  • 


most  hydrographic  expeditions#  Even  an  incomplete  list  of  the 
various  kinds  of  expeditions  in  recent  years  In  quite  large 

/130/. 

There  are  essential  differences  in  the  nature  oi.  the  ma¬ 
terial  obtained  by  the  different  types  of  expeditions.  The  big 
complex  expeditions  are  noted  for  the  essentially  detecting 
nature  of  the  study  of  the  underwater  relief.  The  need  of  in¬ 
vestigating  huge  areas  of  the  ocean  within  a  relatively  short 
period,  predetermined,  in  turn,  a  comparatively  simple  itinera¬ 
ry  and  a  wider  spacing  of  positions  at  wnich  incidental  measu¬ 
rements  were  taken.  Materials  thus  collected,  could  naturally 
not  provide  a  complete  picture  of  the  floor  relief  of  the  oceans 
of  the  world  as  e  w.^ole,  nor  of  any  considerable  part  thereof, 
and  only  in  cases  of  completing  particularly  detailed  studies 
in  a  few  especially  interesting  regions  (for  one  reason  or  ano¬ 
ther),  did  they  satisfy  the  requirements  of  the  geomorphologists 
as  far  as  details  were  concerned.  Due  to  the  fact,  wowever,  that 
all  tlie  large  oceanographic  expeditions  in  recent  years  were 
equipped  with  the  latest  devices,  considerable  numb-Ts  of  ex¬ 
perts  took  part  in  them,  -nd  they  v/ere  conducted  by  advances' 
m.-'hod6,  the  rAaterials  collected  by  these  expeditions  were  ext- 
r/. ordinarily  interesting,  in  spite  of  the  obvious  superficiality 
of  the  investigations.  A«  a  rule,  these  materials  prove  to  be 
exceptionally  iaportent  in  the  detection  of  the  most  conspicuous 
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#n<J  common  features  of  the  floor  relief  of  the  world's  oceans,  t 
in  pO;.^iog  a  nun'ber  of  problems  of  marine  geomorpholoey,  and  in  .  , 
clefifyiin;  the  .lays  by  v/nich  they  can  be  nolved  in  furfci.er  snd 
fsor?  .'etsiled  Investisati-.ns.  On  the  otr.er  hand,  the  tmecia-  . 
lirin-  exr.odltions  concentrated  the?.r  efforts  on  a  j)lsnne»l  rnd 
prolP.'i>!:H'%d  ntudy  of  objects  li.v.ited  in  scope.  e'itneditaouo 
5cTrie«.  materials  w1;ich  provided  a  wont  complete  and  detailed 
j  ifjen  of  tbs  floor  relief  and  which  made  it  possible  to  dre'^'  e 

r.unhar  of  concliislone  cono-miing:  its  ori^-.in,  the  history  of  its 
deveioo  .ont,  connections  .vith  cthor  natural  phenomena  of  the  sea, 
concrete  s.-eolojjical  and  cce  .nolo.ricnl  circumatcnceo,  .?.e  well  as 
cn  i‘:.rortaat  banlc  for  the  oolntion  of  a  number  of  rrcbleiiB  of 

r*  *  •  •  " 

The  sweep  of  ''.'C  H\ir>c?:rap  ic  re^e;:rch  durlJi*;  the  postv/or  9®“  ^ 

pl^itqarily  i'»>fl!?cted  i  n  the  ncopo  ana  tha  lex’ffc  ocea.nO“ 

C  ^•|>||dC  d|flpa<^itions ,  both  round  tho  v/orld  as  vjoII  as  those  li- 

•  '  to  the  aiudy  of  individujxl  oceans.  The  round  the  world 

Swedish  SKpeditibn '  on  ^Ke  •^’■>>lb8tr^^''‘  '  tv. rWutfh-  W 

floor  ■relief'  An' Ithe  equatorial- :r.,ateti-s  pf,,  th«v  ocettr.s. 

/28V,  -2i95,- 352;' meet- inp^  ' 

'  inLVf‘».-'’.i;:ution  pf.  tjhe  un-Jfic-«f-.ter  ,;-elio'f_  co;i5pl<ftefi  by  tnl>,  ssr--  , 

diti:oii';r«:jfoihr:ew  cohm?eoti  .cGrt.C'.j;^'tfe  ;of  .-pf  th-i  ,ppari,n 

f  rel'i'ef  ,*  dr ‘th-i’  ■sivar.clty  'or'-nrVsxJf'fehhpe'a  btf  HVe  ’Su-A- 
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face  of  the  ocean  floor.  During  1?51  to  1952  two  large  round 
the  vjorld  expeditions  were  conducted  almost  at  the  same  tti'ie: 
the  Danish  oceano;^'  -auhic  expedition  on  the  '’Galatea”  and  the 
E,i-itish  hydrograohic  expedition  on  the  "Challenger.''  The  main 
purpose  of  t-e  "Galatea"  expedition  was  a  complex  oceanographic 

study  of  deep-sea  oceanic  trenches  •  The  greatest  success  of  the 
expedition  vras  the  detailed  stedy  of  the  relief  of  a  number  of 

deej'-Msa  trenches:  the  Philippine,  the  ^^arianas,  the  Bougain¬ 
ville,  the  i^ermadek,  and  Tonga  /l44,  2£0,  445/*  The  hydrogra¬ 
phic  expedition  on  the  "Challenger"  made  only  reconnaisance 
study  of  the  relief  incidentally  along  the  itinerary,  which 
approxi.;iated  the  itinerary  of  the  first  "Challenger"  expedition 

•  V,.  ■  ■ 

of  1872  to  1874.  At  the  same  time,  however,  it  completed  a  de¬ 
tailed  study  of  underwater  mountains  discovered  along  this  iti¬ 
nerary.  Aijiong  the  achievements  of  this  expedition,  proudnent 
place  should  be  given  to  the  measurement  of  tho  new  maximum 
ocean  depth,  discovered  as  a  result  of  detailed  studies  of  the 

♦  At  the  present  time"  two  terme  are  simultaneously  used  in  li¬ 
terature  on  ocealogy  and  marine  geology  which  are  synonyms: 
deep-sea  ocean  canyon  and  deep-sea  ocean  trenck*  The  second  term 
is  closer  to  that  accepted  in  international  usage  and  recommen¬ 
ded  for  use  by  the  latarnational  Goramittee  on  KomeneXature  for  . 
the  shapes  of  the  underwater  relief:  "trench."  In  this  connec¬ 
tion,  this  article  uses  precisely  the  second  term  —  deep-sea 
ocean -trench,  although  in  a  niwnber  of  worke  in  ■iussian  one  can 
encounter  the  term,  deep-sea  ocean  canyon  which  means  the  same. 
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floor  relief  of  the  Marianas  deen-sea  trench  /111,  153,  226/, 

The  results  of  the  study  of  underwater  mountains  discovered  by 
the  e.ruelition  are  also  of  i'.'.a^or  interest  /22^+,  225,  3o?/, 

The  Scripps  Oceano.prauhic  Institute  (rjSl)  conducted  a  num¬ 
ber  of  larf;e  expehiitions  in  the  Pacific  Ocean,  Thus,  this  Insti¬ 
tuted  "I'-idpacif ic”  expedition  of  ly^O  'Vas  laade  for  thvi  purpose 
of  st 'flyin.-:  the  central  part  of  the  l'r.cific  Ocean.  The  results 


oj'  t-no  .VO 


rk'o7?  this  exo.Htition  nrovided  nev/  .iistar l.ai  for  a  cor¬ 


rect  concept  of  the  natv»re  of  the  floor  relief  of  the  Pacific 
Oro.'au,  of  the  distribution  of  underwater  ruountains,  and  of  ti;eir 
a s.'ic elation,  in  particular,  v/ith  the  mar.sivfr  rise  bisecting*  the 
'..■^s'cern  part  of  the  ocean  in  a  ?, c\r.itiKiin.al  direction.  The  expe¬ 
dition  biscorered  a  curies  of  horetofore  unhnov/n  unierwster  ben- 
ches  in  the  eaiccern  p.rirb  of  the  ocean,  '.vh.i.ch  are  positively  of 
tectonJ.c  ori;';,in,  an;',  vhlch  r.3 ..roi-'.-nt  one  of  the  /dost  c^nterest.iiig 
.'..uc'j.;., 1  an  of  t  .■.-?  r-tructure  of  tiio  fcit'ta '.s  cu;.’f:.ce  /l'?G  a/, 

T  ■'  'J-'pi.’icovn''  €;:puedition  v.'eis  co/.dvictud  in  the  sciit  lurn  tro- 
pie^O  pert  of  tne  re.cific  Oce.sn  in  to  1S'53»  fJata  concerning 

the  floor  .relief  of  >h'-  ocean  ■■•/ere  ;;e t.Vi-urod  by  the  e.-cv'vOuilion 
’M  the  ontice  it  tn  ■.•:-ary ;  in  a  it  ion,  u-2t.ailed  studies  '/ere 
ij'.aic  o.f  hr  /loor  of  ■:t,s  Toa^-a  dsep-..-.ee  ocean  t.rench  /15^',  351/, 
h'ne  c.f  /he  mexiriur/i  denti.  in  the  Ton^a  trench  is  one 

or  the  achievc-.isnts  of  tho  expedition  /212/, 

The  "Traiis -(acific "  ex;';c-  ition,  conducted  in  1953,  encoa- 


.  ^7. 


passed  the  peripheral  rectors  of  the  pacific  Ocean,  This  expe¬ 
dition  invepiti-i-rated  the  floor  relief  alons;  tlie  entire  itiiarary 
snd  this  provi.'.ed  a  coMperison  of  -'orpholc^ical  p>»ouli  ritiss  of 
different  recions  of  the  ‘Pacific  Cc.-an,  The  oxpauition  also  con¬ 
ducted  fairly  detailed  invecti.;rxtions  in  t!ie  Japanese  end  Idzu- 
3onin  deep-sea  trenches,  and  inveotiitatedl  part  cf  the  northern 
e'.:tensioa  of  ti;H  "irWf.iian  underwater  ridije  /211/, 

.leconnais  vuncf  ;ork  on  v,  rcfle  was  completed  in  the 

P-'.icixic  Ocean  in  recent  years  'ey  the  co -.rlex  Soviet  oce.-.noh‘ra- 
phic  e  or.'o  lition  of  the  Institute  of  Oceanology  Acad  Sci  US  i?  on 
the  "Vityaz',”  Setween  l‘>!53  end  1'>'55  thio  expodiLion  operated  in 
tlie  northvvefjtnx'n  part  of  the  ocean.  Studies  of  the  undervfater 
re'  i'-f  v;cre  conducted  alonjj  the  entire  itinerary  of  the  "Vityaz"’ 
and  mede  it  possible  to  detect  a  nutiber  of  iiiioortant  pecu’. iari- 
ties  in  the  morphology  of  this  part  of  the  Pacific  which  were 
heretofore  unknown  /29/*  Differences  were  discovered  in  the  na¬ 
ture  of  small  relief  shapes  which  are  peculiar  to  many  regions 
of  the  ocean,  and  numberous  underwater  mountains  were  discove¬ 
red  and  investigated,  A  study  was  made  of  the  particular  corre- 
lationships  of  deep-sea  trenches  in  the  northwestern  part  of  the 
Pacific  Ocean, .'The  Kurilles-Kamchatka  trench  has  been  studied  in 
greatest  detail,  with  measurement  of  a  new  maxiaum  depth,  and 

I  .  *■ 

the  northern  extension  of  the  Hawaiian  underwater  ridge  which 
was  heretofore  essentially  unknown  /?♦  9®*  100,  101,  104/, 


lifork  conducted  by  the  Soviet  higb-latitude  expeditions  in 
the  Koi'th  s'.rctic  Ocean  in  the  st  dy  of  the  underwater  relief 
./as  of  the  reconnaissance  type.  These  expeditions  v/ere  crowned 
v/ith  extrs-.ordinary  success  —  the  discovery  of  one  of  the  aiost 
icportt.nt  features  of  the  ocean  floor  relief  —  the  Lomonosov 
underwater  ridge,  unknown  to  this  time  /7V*  Reconnaissance 
work  in  the  study  of  the  floor  relief  in  the  Nort.':  Arctic  Ocean 
was  also  conducted  by  .American  high-latitude  expeditions,  but 
the  scope  of  the  American  investigations  and  the  results  are 
far  behind  the  Soviet  /57,  l62,  162  a/» 

.7ork  was  continued  during  the  postwar  period  by  the  Bri¬ 
tish  occanof;.i*aphic  expedition  on  the  "Discovery,”  vvhich  had  been 
working  in  the  'Antarotlc  waters  for  a  number  of  years  before 
■  ’o'c'ld  V.'ar  II  /I65/ •  The  v/ork  of  the  "Discovery’'  expedition  v^as 
di.t’ected  to./ard  the  study  of  the  most  conspicuous  features  of 
the  floor  relief  of  the  Antarctic  Ocean,  v/ork  in  the  study  of 
th-i'  floor  relief  conducted  by  the  .American  Antarctic  lav.padition 
/172  b/  vas  of  a  similar  nature,  Soviet  .vork,  developed  in  the 
very  latest  time  in  the  Antarctic  Ocean  constitute,  on  the  one 
hand,  reccnneissance  invo«ti5:ation  of  the  under, ;ater  relief  in 
the  im-uense  regions  of  the  subentnrctic  waters,  and,  on  the 
ct'rn'  hand,  a  detailed  study  of  the  relief  of  the  continental 
slope  and  of  the  submerged  border  of  the  Antarctic  continent 


:7^>‘--  ■.  .V...  .  •  .  ^'  ’  ,'. 


The  l£r^.j  oceanoj'r-.^'hic  ex\i:'dibicn  ‘.•hich  are,  *■•.«  vie  have 
noted,  of  a  rocciir.^^is. arce  nati're,  ro.;r<':£:ont  only  a  part  Ot:‘  the 

ov^eT.i'j'.ed  plan  ac-.:ovcUnp  to  .Ji.lcl’  :>"•.  Otfts  ol  the  floor  relief 

> '  ''■  *:  •■  .  ■  ■' 

of  th:  S0';.S  '.nl  oceans  :v;.vo  l.nnn  con:lr,otod  uurin;;  the  postv/nr 

'i*  1  y. 

period.  On  a  somewhat  smaller  scale,  but  'ncro  sy£te.'.:n bicnlly 
and  wcooi'diu;  to  .clan,  otudj.es  v/ere  coridacted  by  syc‘C3.ft.li.’'.ed 
c"c.  c  .it.i.ons  of  a  nu 'lor  of  r.'.see.rch  institutes,  laboratories, 
and  hydrographic  cjerviccs,  .;c  •:^il]  .-.iGvition  only  the  largest  of 
thyse,  omitting  a  large  nu.ibcr  of  the  small  etcpoc.itions  which 
actually  O'ijr.-ited  in  all  parts  of  the  sea,  but  did  not  have  c^y 
ciarirod  effect  oh  the  development  of  modern  concepts  of  the  floor 
relief  of  the  seas  and  oceans. 

Sj-etemntic  invastiyations  oi  the  underrater 'relief  on  a 
large  scale  ivere  conducted  in  recent  years  in  the  USA.  Most  in¬ 
teresting  are  the  activities  of  five  research  institutions  con- 

■■I*" 

ducted  along  this  line;  tns  Lament  Geclogicr.1  Observatory,  the 
/oods  dole  Oceanographic  Institution,  the  Soripps  Institution 
of  Oceanography ,  the  Marine  Hlectronic  L  borc.tory  of  the  U»,3. 
I'evy,  and  tiie  U.  3,  Coast  and  Ocodetic  Survey.  .Vork  of  the  La¬ 
ment  *Teolo;:iCel  Observatory  is  concentrated  on  a  study  of  the 
* 

northern  half  of  the  Atlantic,  O^ean,  «nd  i.ieinly  of  its  ?/estern 
part,  adjacent  to  Worth  .1:: erica.  Research  v^as  directed  tovmrd 
a  clarif ice.tion  of  the  existing  differences  in  tho  charveter 
of  the  small  shape  relief  among  the  individual  morphological 
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T6gion6  of  tho  oc6aiif  toward  a  study  of*  tho  morphology  of  un"*  ^ 
jderwater  mountains  as  reflectors  of  ultra-distant  scattering 
;0f  sound  within  the  range  of  a  channel,  and  toward  the  deter- 
miaatiou  of  the  relief  ^forming  role  of  suspended  curi’cnta 
/zoo/ ,  lilorlB  of  the  Woods  Hole  Oceanographic  Institution  en¬ 
compass  detailed  investigation  of  the  underwater  relief  approx¬ 
imately  in  the  same  regions  as  the  work  of  the  Lament  Observa¬ 
tory,  and  explain  approximately  the  same  range  of  problems* 

In  this  connection  it  is  worthwhile  to  mention  the  investiga¬ 
tions  of  the  relief  of  the  Mid-Atlantic  underwater  ridge,  of 

a  ndmber  of  underwater  mountains,  canyons  and  dsepesea  plains  ' 

* 

.of  the  North  Jitlantic  /121,  421,  422/# 

The  Scripps  Institution  of  Oceanography  investigated  the 
floor  relief  of  the  Pacific  Ocean  together  v/ith  Marine  Slectro- 
nic  Laboro.tory  of  the  U»S#  Navy#  This  Institution  Conducted  the 
**iiicl^?acixic , ’’Capricorn*^  and  ^^Trans-Pacific**  expeditions  aen- 
tioned  above*  In  addition  the  Scripps  Institution  and  the  Ma¬ 
rine  l^lectronic  Liiboratory  conducted  major  work  of  studying 
the  floor  relief  of  the  eastern  part  of  the  Pacific  Ocean* 

v?ortn  of  attention  are  their  planned  invest ir^at ions  of  the 

> 

underwater  canyons  of  the  continental  slope  of  North  America, 
of  the  underwater  relief  of  the  Hawaiian  island  chain,  of  the  ' 
undewater  mountains  of  the  Gulf  of  Alaska,  as  well  as  of  the 
'tectonic  benches  extending  along  the  ocean  floor  for  thousands 
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•f  kll<»et«r*  /I7i  •,  176,  325,  326,  388/. 

Th«  work  of  the  U.  S.  Coeet  end  Geodetic  Survey  In  the 
etudy  of  the  underweter  relief  le  eonenhet  peeulier  by  Ite 
neture.  The  purpose  of  theee  imreetlgetlone  ves  to  st^y  the 
fleer  relief  In  order  to  ebteln  its  nevlgetlenel  ehereeterls* 
ties.  For  this  reeson  the  vork  eoniiithd  o'f  extrimly^diteiled 
Investlgetlons  end  wee  eoneentreted  In  eerteln  United,  hut 
nevlgetlonelly  Inpertent  regions  /411/.  A  ehereeterletle  fee* 
ture  of  this  vork  ves  the  extreordlnerlly  eeeurete  deteralne- 
tlon  of  the  position  of  ships  end  e  dense  eoverege  of  the  ve* 
terveys  with  swesurlng  positions,  thenks  to  which  the  neterlels 
of  the  const  end  Geodetic  Survey  begen  to  be  highly  objective 
In  trensnlttlng  e  picture  of  the  underwster  relief.  During  the 
postwer  yeers  the  Investlgetlons  of  the  Const  end  Geodetic 
Survey  eheenpeesed  the  Gulf  of  Mex^o  end  the  Aleutken  ble^ 
cheln.  Cherts  conposed  frost  the  swterlels  of  these  livestlge- 
tlons  give  en  extreaely  detelled  Idee  of  the  underueter  relief. 
Slnller  vork  on  e  soswvhet  sswller  scele  ves  conducted  by  the 
U.  S.  Hydrogrephle  Office;  the  object  of  the  Investlgetlons  vere 
the  erees  of  the  eontlnentel  shelf  elong  the  Atlentlc  const 
of  the  USA.' 

The  Greet  Brlteln  investlgetlons  of  the  underveter  relief 
during  the  poetwer  yeers  vere  eondueted,:con  the  one  hend,  by 
the  'Discovery*  Conmlttee  subsequently  trensfonsed  into  the 
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National  Ocenno^rapl.ic  Iiistitute*  and  on  the  other  hand,  by 
the  Hydroirraphic  Office  of  the  Adrairalty,  The  latter,  3.n  par¬ 
ticular,  or;"aniK.?d  the  "Challan,  or”  o::peditiou.  British  expe- 
aitions  conducted  systeaatic  studies  of  the  floor  relief  in 
the  e.' stern  part  of  the  North  Atlantic;  especially  broad  ope¬ 
rations  v/ere  conducted  near  the  Faroe-Shetland  shol*',  near 
the  Iceland-Greenland  shelf,  in  the  Bay  of  Biscay,  and  near 
;he  entrance  to  the  Sn.rlish  Channel  /263,  282/. 

)  Other  foreign  countries  were  much  less  active  in  a  synte- 

aatic  study  of  the  underwater  relief  during  the  postwar  years. 
teat  Germany  conducted  expuditione  on  a  relatively  small  scale, 
lakln;^  systematic  studies  of  the  North  Sea  floor.  They  were  or- 
faniaed  by  the  German  Hydrographic  Institute  /138,  394/«  In 
he  v;ork  of  this  Institute  much  attention  is  paid  to  problems 
tf  method  and  to  in  estigation  of  small  relief  shapes  which  are 
.nteresting  both  from  the  practical  viewpoint  of  securing  sea 
A  'ishing,  as  well  as  for  theoretical  research  in  connection  with 
he  problem  of  the  viuaterna**y  history  of  the  continental  shelf 
f  Northern  Surope.  In  France  marine  geomcrphological  work  Is 
niertaken  by  the  Laboratory  of  Marine  Geology  in  coopei*ation 
ith  the  Hydrographic  Office.  This  work  is  mainly  done  on  the 
o;:t.lnental  shelf  and  partly  on  the  continental  slope  close  to 
he  French  coast  in  the  Atlantic  and  in  the  liediterranean,  as 
ell  as  close  to  the  shore  of  French  North  Africa  /127,  128, 
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p.40,  l4l/. 

;  Investigation  of  the  floor  relief  of  the  Red  Sea  was  begun 
by  a  French  oceanographic  expedition  on  the  ’’Calypcc"  /180/, 

After  a  long  interruption,  investigation  of  the  floor  re-  » 

lief  of  the  Mediterranean  has  been  resumed  by  Italian  hydro- 
graphers  and  Yugoslavian  oceanologists  /235,  583/*  Numerous 
Japanese  re'^earch  institutions  are  conduc'.ing  planned  studies 
of  the  underwater  relief  near  the  Japanese  coast  for  the  pur-  ,  ) 

i>ose  of  examining  the  industrial  base  of  the  fishing  industry. 

Activities  have  been  resumed  by  the  Hydrographic  Office  of  the 
Japanese  Navy  v/hich  has  concentrated  its  attention  on  a  study 
of  the  floor  relief  near  the  shores  of  Japan  /26l,  262,  3^1 » 

543,  412/«  Within  a  relatively  short  time  the  Japanese  oceano- 

] ogists  and  hydrographers  have  collected  interesting  material 

on  the  • elief  of  the  continental  sehlf  and  of  the  continental 

slope  of  Japan,  and  on  the  underwater  relief  of  the  Idzu-Bonin  ) 

island  chain. 

In  the  Soviet  Union  systematic  planned  studies  of  the  un¬ 
derwater  relief  were  carried  out  by  a  number  of  scientific-re- 
search  institutions  and  by  the  Hydrographic  Administration.  V/e 
will  note  the  most  important  trends  of  these  v/orks.  In  the  seas  < 
of  the  Far  East  investigations  of  the  floor  relief  have  been 
conducted  by  the  Institute  of  Oceanology  Acad  Scl  USSR  since 
1949.  As  a  result  cf  this  work  a  detailed  study  has  been  made 
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of  the  floor  relief  of  the  -./oatern  part  of  the  ^io’rir.rc  Sea,  of 
the  Sea  o.  Oir.of.'.:,  of  the  ro,ie.r  ox  the  Kurile  -iel^nd  co^in, 
of  the  Bee.  of  Japan,  eno  of  tho  Kurile -iCa;uChatka  oco&n  trench 
/6,  P.9/,  Muc])  attention  is  paid  to  the  study  of  small  x-eXief 
shapes  in  order  to  lean:  present-d. y  reiioi’-forr.dna  processes, 
puleoe-oo-rahuic  i-eccr;nbruction  in  ccr.noction  with  tho  rtudy  of 
osopicnl  utructure  and  the  history  of  the  dev^^lcp-eenr  of  the 
Fur  Eastern  seas,  a  souarato  cluipter  in  repreeonted  by  works  on 
tho  svudy  of  the  floor  relief  of  some  rcp:;i''ns  are  impor¬ 

tant  to  industry  and  iiavi£,-ation.  The  Institute  of  Ocean- logy 
has  also  bertun  a  planned  study  of  tho  floor  relief  of  the  Jl&ok 
.‘nd  Cor.pxan  Sea  usint;  the  latest  netnods  /SI/* 

Tiis  ocientific-rescurch  institutes  of  the  Sovxet  fi-ening 
indu-try  hove,  for  a  number  of  yc.ars,  been  conducti-'i':  planned 
.jtuc;i?.e  of  the  floor  relief  of  the  /'sov,  B::itic,  flarents,  horv;ay 
,.ud  ..rotnland  seas.  Especially  notovforthy  are  tfee  invo3ti  ;atione 
of  tho  floor  relief  of  the  Barents  Bea  by  the  activity  and  scope 
of  tho  work;  they  are  ccnductoa  by  tno  Polar  Institubo  of  tne 
Sea  Fishin:):  ’Industry  and  Oceanocx’aphy .  At  the  oraaent  time  the 
Ir.stUuts  ic  developing;  wide  o?jerations  in  the  study  of  the  un- 
dsrvi-iter  relief  of  the  sea  of  horway  and  ireenland  /Pi/,  "he 
Pacific  Ocean  Institute  of  the  Sea  Fishing  Industry  and  Oceano¬ 
graphy,  together  with  the  Institute  of  Zoology  Acad  Sci  USSH,  has 
conducted  studies  of  the  floor  relief  of  aoiue  regions  of  the 


seas  in  the  Far  -iSast  /HZ/ ,  The  floor  relief  of  the  northern 
seas  of  the  Soviet  Union  in  being  investigated  by  systematic 
studios  conducted  by  the  Arctic  Scientific-f<esearch  Institute 
of  the  Main  Northern  Sea  Route  /86/«  ^uitc  recenf.y,  the  In¬ 
stitute  of  Oceanology  Acad  Sci  USSR  has  started  a  study  of  the 
floor  relief  of  the  Antarctic  Ocean,. 

It  is  clear  that  the  years  following  the  Second  V/orld  V/ar 
are  noteworthy  for  the  ever  grov/ing  scope  of  investigations  of 
the  floor  relief  of  the  seas  and  oceans.  The  number  of  large 
complex  expeditions  is  growing,  and  tho  network  of  systematic 
photographs  is  getting  denser.  The  scoi>e  of  the  work  conside¬ 
rably  exceeds  all  v/hat  had  b'*en  done  in  this  field  in  the  cocurse 
of  the  first  decades  of  this  century  /129,  130,  359/»  Use  of  new 
investigation  techniques  has  opened  new  opportunities  of  the 
study  of  small  shapes  of  the  floor  relief  of  the  ocean  which 
had  disappeared  from  the  field  of  vision  of  the  geomorpholi- 
giste,  the  study  of  the  deepest  ocean  trenches,  and  of  the  com¬ 
plicated  relief  of  the  continental  slope.  The  organization  of 
ouch  largo  international  expeditions  as  those  realized  by  tiie 
program  of  the  International  Geopiysioal  Year  /66/  serves  as  a 
prere;  uisite  for  changing  the  nebulous  and  dim  concepts  which  have 
prevailed  until  recently  which  v;ill  be  replaced  by  a  clear  and 
detr'.iled  pictixre  of  t..e  floor  relief  of  the  v/orld'a  ocean  in 
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the  neoT  future 


!  i  Basic  Results  of  Regional 

I  Investigations  , 

,  /  isiie  Atlantic  Ocean,  by  reason  of  its  i?;eo  jranUic  position, 

«  / 

■  is  today  one  of  the  most  inportc^nt  obrjects  of  oce^anographic 
A,  inverr;c.ii;ation6.  In  recent  years  the  attention  o:^  researcliers 
'i'as  principally  concentrated  on  n  study  oi.'  the  Worth  Atlantic, 
vUich  ie  quite  n?;tuival,  if  we  consider  the  location  of  the  main 
sea  Itnes  and  regions  of  aaritine  industries.  Tbs  North  Atlan¬ 
tic  has  long  attracted  the  attention  of  researcliers,  thanks  to 
which  tiie  floor  relief  of  this  half  of  the  ocean  had  been  stu- 
■'isd  In  'Tenorr.l  outline  quite  well  even  before  the  war.  The 
f..  v  lication  of  nc-v/  techniques  and  methods,  however,  raade  way 
for  conKic!er»b2.o  ncv;  c.cliieve;;ieute  also  in  this  cano. 

The  basic  peculiarities  of  the  finer  relief  of  th;;  Ncrth 
Atlantic  are  described  in  detail  in  the  v/orhs  of  Tolstoy  and 
h  .in.y  /h?A/,  :3niejv  /iBH/,  Tolstoy  /421/,  Heezeh,  13'  ing  and 
I’ric/icn  /2 44/,  Swing  and  Keezen  /’dOO/  and  Hill  /A65/»  The 
kiost  cc  .iyf'et&  bate  .y.' 1C  trie  charts  drav-rn  frem  ;;c.teric.l  of  t2)0  t 
latest  investigations  are  given  in  the  ;;.'or''s  ci  Toistoj-  /421/ 
aud.  Hill  /2o37. 

The  most  i'.ipor'thut  feutiu-e  of  the  undorwr^tei'  relief  of  • 

the  Perth  gtl.-.’.htio  le  the  ciM.stence  of  a  huge  etri'.cture  of  t)ie 

Ilici-.qtlontic  ridge,  exteading  frciM  the  eacros  of  Iceland  sout/i- 

••  • 

‘•/o.rd  c.cross  entire  liorth  hxr.ci  tlKMi  acroae  the 
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•euth«rn  part  of  tlia  oeaan  to  ^thln  tha  rogion  of  Trlatan  da 
Cunha  lalaiid.  Thia  la  a  aaaalTa  ootmtaln  atruetora;  ita  width,  ’ 
tneludifig  tha  foothlllt,  rangaa  froa  300  to  500  adlaa  (  to 
500  faa),  and  in  tha  highaat  part  aquala  about  50  adlaa  (90  kol), 
Tha  altituda  of  tha  ondarwatar  rldga  raaehaa  3500  to  4000  • 
abova  tha  floor  of  tha  aurroundlng  baaina,  Thard  ara  thraa  dla- 
tlnet  iKMrphologleal  aonaa  of  tha  ridga: 

!•  Tha  highaat  eantral  sona;  It  ia  eharaetarlaad  by  nuaa- 
rout  parallal  rldgaa  orlantad  along  tha  awln  dlraetlon  and  rl* 
aing  to  daptha  laaa  than  1,500  ■  with  thalr  roeka  and  praeipi* 
toua  paaka*  Loeatad  approxlauitaly  along  tha  axia  of  thia  aona 
ia  a  longitudinal  traneh  idtieh,by,  rCa^aiorphological  peeulia- 
ritlaa,  can  ba  eowparad  with  tha  Eaat  African  grooved  vallaya* 
SpaelaMtta  of  roeka  occurring  tn  thalr  plaea  of  origin  warn  ta« 

^^  kan  frpp  tha  paaka  and  alopaa  of  tha  eantral  aona  of  tha  Mid- 
Atlantic  ridga:  fragpwnta  of  olivlna  baaalt,  piaeaa  of  lava, 
and  volcanic  aahaa  /151,  373/.  Tha  origin  of  tha  rallaf  of 
thia  ridga  aona  ia  aaaoeiatad  with  intansa  taetonle  dialoea- 
tiona  and  volcanic  activity* 

2*  Tha  ao-eallad  tarraead  or  intarowdiata  aona;  it  axtanda 
along  both  alopaa  of  tha  Mid-Atlantic  ridga  at  daptha  fron 
2,900  to  4,500  n*  Thia  aona  i a  eharaetarlaad  by  an  axtanaiva 
rolling  raliaf  and  broad  flat  plaina  loeatad  at  diffarant  la- 
vala*  Tfaa  fomatien  of  thaaa  flat  plaina  or  "tarraeaa**  ia  aaao- 
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ciated  with  a  filling  of  the  depressions  of  the  primary  tecto¬ 
nic  relief  with  masses  of  sedimentation  material,  deposited  fromi 
t?;--  slope.'.'!  of  central  Kone  by  tu'obidity  currents  /cM'-v/ % 

3.'  rhe  outer  hilly  zone;  it  represents  the  foctliills  of 
the  ri-t,:;©.  It  erctends  on  b.-ith  oi.3es  of  the  riuge  and  se'p.'irates 
the  inter jehiite  zone  iro.:\  'the  floor  of  the  adjacent  b.-o:i.ns. 

Than 's  to  the  e:::ist.'iiicc  of  the  hio-.-.tl:; utic  ri-iy® 

of  the  cor  ”i  .uration  of  tho  ccntin'^ntr.1  alo'-os, 
seroral  basins  ^xx'o  clearly  ciistiny.  i.shable  in  the  Worth  .Vtlan- 
i:ic;  the  IJowf caiidland,  the  Ilorth  .'.inoriceo) ,  t.lie  Korth  Canaries 
(ll'orth  .African,),  and  the  ;;orth-n'a.^torn »  The  floor  of  these  be- 
•sins  conrrJ  Sts  cn‘  ••i,.>e  locritc"*  at  deptho  of  'the  oi'dor  oT 

.?'» f-'l'i'  'to  r>,^H'0  m.  'I'r.e  ..'i ur'/.'ace  of  ti:o  nlains  is  nea.rly  hov'ison- 
t.al  in  tho  central  parts  ;  n.;  F.ii,>:l'.ly  slopin';  at  the  edt;es. 

'I'.' 'as,  in  the  c^'^ntuFl  sectors  the  dee /-.see.  i')lainB  have  .surface 
Incl'inec  of  ric  :.ioTii  tiv-.n  1  ;  1,(.  C0,  a j. on.";  •  tho  a"',5;es  oho 

i.".,  cl  in •ro  1  :  f0.0.  Invonui'^rti.-.n.::  of  th.r-  dee^j-Ee:-.  plains  in 
thi^  '■.•r-sin.o  of  the  Worth  ;-.tlwir!tic  have  '.liecloned,  on  the  v/j.ole, 
an  unucual.  flatness  of  their  tnirface,  .vhich  is  in  .o)tarp  cont- 
2'eist  to- tjio  complex  sc'p.aration  •  o'f  the  ccntinentnl  slopes  and 
the  .'3lop«s  of  the  ;iid-..tl,Mitic  riu^e  /2u3/  hp.l/,  along  v/ith 
tnir>>.  indiri'dual  und-^r -/ater  vai.leys  were  discovored  on  the 
s-orface  of  the  dee-proea  plriins,  both  in  the  slightly  slopiiin; 
oubt-r  rerjions;,  as  well  as  in  the  nearly: -I'.o’ri/'.ontal  cent'ral 
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iloor  c  i''7  0  or  side  roc  to  to  chr.niielo  i:i  ’..c:.  ti'.'s  cj..':’.l  .ii-EC 

oi'  th.';  current  .lov.Si  •“•nc:  v.hdc;^  io.  coov-blrt  ot  erodin_.’  taa  pv;- 
rcus  cod.',  lent'.' tier.  5tro.ta«  /.  Mtgor  in  thn  tatiy  of  the 

isoUs'.r.isi.i  .  r.d  of  tiio  rslisf-forainc  activity  of  tho  tiir'rlciity 
curror.ts  ’::t.b  b./  in?,-;flti.;£'.ticnfi  cor.di.icceci  in  connoctioi" 

\:ith  tho  v.pder  n'tor  o.nrth.'Mio.lcer  of  1;  the  I’syion  of  the 

contins.ntal  elo^e  neor  tho  .Vrv.nd  i>-;n.;r>.  'f  is  eartKcninke  ’pro¬ 
duced  .?.  IcifTC  nnC.aru  ter  slide,  auu  subeeeuently  a  po'/orful 
turhidit.v  current  •.•.•■lich  severed  subi’-inrine  tels  ^rr.’' h  cr.bles 
and  disp3.c.ced  thea  hundreds  of  klloraoters  alcur  the  ocean 
floor  /ISd,  19 h,  242,  246/. 

numerous  underwater  mcu.ntains  h':  v  .  been  niccovered  in  the 
North  ..tlantic  /2<1<';,  511/.  ??or  ';Ue  lAost  part  they  holon;;  to 
the  l-iid-ntlantic  rid^-e.  Pert  of  the  i'.nce.r’.7ater  ;icu.-.t:;ins  is 
also  asecciited  .dth  the  vast  rise  of  ’ohe  Ber.’.’.uda  islands. 

In  addition,  some  isolated  raountsins  have  been  discovered 
within  the  ranre  of  basins  in  th  ■  North  Atlantic.  The  peaks 
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of  many  underwater  mountains  rise  to  depths  less  than  1,500 
Some  tmderwater  mountains  are  flat-topped  and  indications  of 
terraces  on  ^heir  elopes.  In  places  the  mountains  form  sroups? 
for  e:?ample,  a  chain  of  mountains  extends  from  Cape  Cod  to  the 
Bermuda  Islands  and  then  to  the  Mid-Atlantic  ridge.  A  similar 
chain  . of  mpu.i' tains  also  stretches  from  the  Azores  to  the  re¬ 
gion  of  Gibraltar.  Detailed  studies  of  some  undemater  moun¬ 
tains  of  the  north  Atlantic  indicate  their  volcanic  origin, 
and  the  time  of  their  formation  is  associated  with  chalk  /245 

a,  3^6,  393 1 

The  deep-ssa  plains  in  the  basins  of  the  Worth  ^.tlantic 
extend,  as  has  been  noted,  at  depths  of  the  order  of  5,200  to 
5,*;CC  ra.  The  maximv.ra  depths  in  this  half  of  the  ocean  belong 
to  the  deep-sea  trenches  of  Puerto  Hico  and  fiomanche.  Detailed 
studies  of  the  relief  of  the  deep-sea  trench  of  Puerto  Hico 
have  made  it  possible  to  determine  that  this  trench  is  about 
750  kra  long,  with  vex'y  twisted  slopes  and  a  flat  smooth  bot¬ 
tom  at  a  depth  of . the  order  of  7,900  m.  The  width  of  this  flat 
bottom  tanges  ,from  10  to  20  km  /1$9,  3^5,  355/.  v/ide  massive 
bank  aepsiratee  the  Puerto  Rico  trench  from  the  floor  of  the 
plain  of  the  Worth  American  basin  located  to  the  north.  There 
.is  a  number  of  underwater  'y-untains  •.vithin  the  liifiits  of  the 
U-'ench  which  divide  the  floor  of  the  trench  into  two  separate 
plains:  the  nprthern,  at  a  depth  of  about  7,900  m,  and  the 
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southern,  it  a  depth  of  a'so-.-t ‘7,400  a,  "ihe  origin  of  the  flat 
hotto.ii  of  the  trench  1-3  eu.;;  t  inea  by  an  intensive  acc.  .nO.ation 
O'  t"'(5 dicei^t ,  carried  to  '/r;  at  dsph^s  oy  tumidity  currents* 

The  o-robleni  of  tne  i 'i.i  d-fcth  of  the  fi  orto  'dico  f/enclf 

is  coonlicnted  by  vhe  circumstance  ti'-at  there  are  contradictory 
data  concerrins  it.  idetuiled  invest!  v.tions  of  t'r.e  trench  con¬ 
fected  by  the  L:'i  ent  Geol. ',icel  Cbservntcry  discovered  a  nt::i- 
.;;u;'i  de'vb'i.  of  '-j^ra  ri  /l-.y,  d4r'/»  v.';iile  on  the  basils  oi  soue 
oti'Or  onern.ticns  in  this  trench;  the  indicatod  dopt.ni  are  9»^1S 
pni  9,lv.v  m  /JjlP-t  405/.  'fhe  ro-.  e.rts  of  Northrop,  d’vinr;  and  Heezen 
r-pen  to  us  to  be  Aore  probable,  since  they  are  besed  on  detoi- 
led  inve st ircticnG  of  the  v'e^-ief  O'f  tne  .■■'.■erto  lico  trO'ich. 

rnver3ti;;£;tion.'3  of  the  deep-sc.i  lontnche  ti’encli  carrier, 
out  by  the  'iMb-:tross  ''  e'^Dodition  '.»ei'*  less  detmled  t..wn  tjio 


jrican  ;hivesti  y/tioiis  ;f  the  r-ani'to  .'■ico  tx'ench. 
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■.heath  of  the  hornanche  tx'onch  is  7,72£;  ;iccor!..in';.''  to  ne'.-.’  liatr. 

..n  i ..  -c  taut  resu.3.t  of  th'e  .^nvc..'.'tj.^’i.'..tlon  ox  ti.as  trciicb  is 
the  iindintj  b'.yt  its  botton  is  j  'st  ar.  fd.at  as  o'^  tb.o  ct  .er 
deen-seo.  'troncheo.  The  botto,'.  plain  of  the  l^ocianciie  trench  is 
located  at  tlopttvs  of  tlu  or’er  of  7,2C^O  to  7,4(X'  a  A' a 5/. 

In  '!:enerr.l,  the  depression  of  the  North 'j»tlantic  is  boun- 
(led  by  th':  rise  of  the  continents  in  the  east  and  v/e.et.  The  I’s- 
lief  ‘of  the  coiitinGntal  shelf  i-rnd  of  thu  continental  slope  vras 
studied,  in  aiuch  pra  ter  do  tail  in  recent  ye.  rs  thali  the  relief 


::.f*^-  ■*  • 

1  df  the  open  spaces  o.;  the  Atlantic  Ocean.  A  new  feature  re- 

/  /  ^  "'■  .  .  ■■  . '  ’  •  ■  ■  ■• 

!  sal  ting  from  these  invectigation  is  the  correct  concept  of  the 

,  j  relief  of  the  continental  slope  as  a  complex  relief  of  the  ,intor 
medliate  Kone  •  It  was  found  that  there  exists  within  the  •  liiaits 
.®f  the  continental  slopes  of  the  North  Atlantic,  along  v/ith  re¬ 
latively  simple  twisting  benches,  also  great  sectors  of  an  open 
inclined  and  even  horisontal  bottom,  rises  and  basins  /c63,  422/ 
tederwater  valleys  have  been  found  everywhere  within  the  limits 
lo'f  the  continental  slope. 

Exceptionally  detailed-  investigations  of  the  relief  of  the 
continental  shelf  and  of  the  continental  slope  were  conducted 
.tm  the  Carilbbean  Sea  /337i  365*  445/  and  in  the  flulf  of  Mexi¬ 
co  y^23/.  Very  detailed  bathymetric  charts  have  been  plotted  on 
thae  basis  of  these  operations  for  the  continental  slope  and  for 
the  shelf  of  the  Gulf  of  Mexico  /229/.  The  problems  of  an  asso- 
afcstion  of  the  underwater  relief  with  tectonics  v/ere  basic  in 
the  investigations  /154,  155»  274,  400,  433,  434/,  but  along 
this,  studies  were  also  made  of  the  Quaternary  history  of 
the  region  and  of  the  processes  of  contemporary  develop'aent  of 
relief  /I5B,  215,  39P/. 

Detailed  investigations  of  the  underwater  relief  v/er*  also 
««s»ducted  on  the  continental  shelf  of  the  east  coast  of  the 
ITSA  /lo7/.  These  works  are  particularly  interesting  with  res- 
iset  to  possible  pal eogeo graphic  reconstructions  of  conditions 


of  the  C'uaternary  period,  since  there  was  here  discovered ‘a’' 
well-preserved  relic  subaerial  glacial  and  erosion  relief  /333/ • 
The  inv. estimations  of  underwater  canyons  close  to  the  coast  of 
the  USA,  berun  fefore  the  v.-ar,  were  furt  cr  developed  in  re¬ 
cent  years  in  connection  ’with  the  problem.!  of  studying  the  tur¬ 
bidity  currents 

The  attention  of  rosoc-rchcra  in  the  siore  noeth.rrl,  reyions 
of  the  Atlantic  \/as  dra\ni  to  an  ur.dor-.ater  rl-'-ge  eictoridiii?  hat- 
’-•een  Great  Britain  and  Greenland,  This  ridge  cousiato  of  several 
biinks  which  have  a  considerable  effect  on  the  peculiarities  of 
the  -.later  exchange  betv/een  tho  h'orth  .itlciiitic  -.nd  the  Ifortl’.  re¬ 
tie  C-caan:  tha  Thomson  b&nk,  the  Faroe -She tland ,  tl)e  Farne-Icc- 
land  ;  ni  the  Icel-nd-Greenland.  The  conT  1  jurr.tion  of  th  -Se  banks 
}aas  co;'eidarab?.y  been  clarified  as  a  result  of  the  latest  rese¬ 
arch,  and  this  in  turn,  ;.i  j-.ao  it  posrjible  i;o  ;;D.ko  t;>  ;  nature  of 
the  v.'.'ttor  erch  nwe  .•noro  proci'  S  /l6';,  ‘ilk/,  Tue  idontiri.c'‘.ti.C;ri 
of  the  i:pper  surfaces  of  tha  hcsnl-s,  to  v.'hich  rich  i’icr.iji;;  ro;  Lons 
are  tittachod,  has  made  it  possible  to  epuip  the-  sea  fine  in;;  in- 

d’u.itry  ’.;it/  .dotr-il-d  bathy:netric  cb.a.rts  /f  1/, 

•  ) 

Detailed  invest  L.  ations  of  the  nnctsr’.'Wter  relisf  of  the  co;i- 

'i 

tinentc-1  shelf  and  of  the  continental  !<lo'5e  were  coiulucted  close 
to  the  British  coast  /263/*  a  result,  studies  wer.;  ,.iade  of 
the  underwater  valleys  of  the  continental  slope ,  of  the  genex'al 
configuration  of  tha  continental  slope  which  has  an  extrc.'.ely 
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.conplicKted  outline,  detailed  clarification  has  'oean  luade  of 
the  floor  relief  of  th.*  Jn;;;lish  G' nnnel  wlilch  is  ir.voortf'nt  for 
an  undorrits-nlin^  of  the  .jeoio^aodl  .'.liiter:'  of  nor tjr.'-SK tern 
u’urdpe  /2.0‘f  ,  2C2.  * 


The  study  of  tliO  floor  relief  of  tije  .'orth  i-no  .fe. 
uevejoped  in  the  ■.  irection  of  detectia;;;  s  vail  relief  s 
’..'hich  are  of  i^reat  5.ntoreot  to  oaleouroo:vra'!.-ic  rccc.  a 
/jol,  y.Of  '<06,  i-lO/,  -'articnlarly  iutei'ostiiisy  v;ero  t'-. 


?.  tic  ,?oa 
h.-pes 
true t ions 
^  ■'.  o.?ks 


v;hlGh  irtnde  it  poos j bio  to  detect  on  the  bettor,  of  ihees  aoas 
traces  of  ...uatornary  i;;lacit:.tion  in  th"  shnpG  of  ■tor;inal  ao- 
roinoE  .'‘r’?/*  i^otailed  batliy-.utric  o.h  rts  drav.'n  on 

the  b.asis  cf/tli-.'i  luteet  data  are  of  :j;reat  practical  i.,;  'o;.'tancc 
to  the  fishing  industries- in  .yeos  /lo?/. 


Studies  of  tha  contir aatel  y'.elf  and  oi  th-;  continental 
slope  off  the  coa:.;ts  of  Fx'anco  and  Spain  v.’ere  cona.ixctod  on  a 
relati'vel,  ’  stnalier  scci.le,  but  uven  here  the  r  .xvults  of  recent 
invs3tiuf.'.tions  provided  detai3.ed  information  concerning  under- 
v/ater  valleys  diving  the  continental  slope  /127,  12o/, 

The  latest  invoatigations  of  the  Mediteri'anean  floor 
which  was  quite  inadequately  studied  earlier,  liave  changed 
the  concept, of  soae  quite  significant  peculiarities  of  its 
underwater  relief  and  of  its  clept’i.s  /255,  3£3/.  The  detailed 
study  of  the  continental  shelf  and  of  the  coutinsntal  slope 
in  the  southern  part  of  the  i Mediterranean  eiciultanoously  opens 
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^greater  possibilities  to  a  careful  co.aparison  of  the  underwater 
relief  with  the  tectonic  of  the  land  /l4l,  273 ♦  302,  369/ • 

The  results  of  a  study  of  the  relief  of  the  continental 
shelf  and  of  the  continental  slope  of  the  Atlantic  coast  of 
North  Africa  provide  interesting  material  on  the  tiuaternary  his¬ 
tory  of  the  Senegal  delta  /423, 

The  floor  relief  of  the  South  Atlantic  was  not  studied  in 
such  detail  in  recent  years  as  the  underwater  relief  of  the 
North  Atlantic,  Information  broadening  earlier  concepts  of  the 
underwater  relief  of  this  half  of  the  ocean  v;as  obtained  adtsxg 
along  the  itineraries  of  reconnaissance  expeditions.  Thus,  for 
exaninle,  interesting  data  \7ere  obtained  on  the  existence  of  the 
same  kind  of  deep-sea  plains  on  the  bottom  of  basins  in  the  South 
Atlantic,  as  had  been  discovered  in  the  North  Atlantic  /200/, 

A  study  vms  made  of  the  relief  of  the  southern  part  of  the  Ilid- 
Atlantic  ridge  and  it  was  observed  that  the  surface  of  the  floor 
within  its  limits  is  highly  complex  in  structure  /285/.  However, 
the  material  collected  in  recent  years  on  the  floor  relief  of 
the  "outh  Atlantic  was  apparently  insufficient  for  drav;ing  new 

bathynetric  charts, 

> 

The  Pacific  Ocean  represents  the  greatest  v/ater  expanse  of 

r 

the  earth,  exceeding  all  the  otuer  cce-ns  in  area.  It  is  under¬ 
standable  that  notwithstanding  the  broad  scope  of  the  investiga¬ 
tions  of  recent  years,  the  Pacific  Oc  .an  v/as  not  studied  in  such 
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Qetailo  during  these  years  as  the  Atlantic  Ocean,  and  the  North 

"*’•  '.*'  j  '%']"} '’7'f  Z  ••  ■'.  ? 'K*  VJT  ,  !•'  ■  "  .  '  ■  ■  i  ■  ;,’4  * 

I  (Atlantic  in  particular.  In  recent  years  the  study  of  the  floor 
relief  of  the  Pacific  Ocean  was  mostly  In  the  nature  of  reconaais- 
.sance  work,  and  the,  /studies  assumed  the  character  of  systematic 
research  only  in  comx^aratively  limited  regions*  The  iiecullari- 
ties  of  the  geographic  location  of  different  parts  of  the  ocean 
predetermined  Tthe  considerable  disparity  of  investigations,  V/ork 
on  the  largest  scclo  was  conducted  in  the  northern  part  of  the 
Pacific  Ocean i  and  in  addltioh  in  its  outskirts,  which  is  exp- 

‘  Ci' '  if' jrf  *'}•*'}  '■■"'x  t  ’•f '  "r'f'.'”  '1  •’  -v  i' ' 'i’"; ;  w.'-  *‘'*^.1,*'  f.  '  ‘  ^  h  'T 

'  iVined  by  Ihe  dtstributioh  of  the  main  sea  lanes  and  regions 
of  sea  fisnlng. 

,yrnc  ■  aizi'’ flit'' f'l  t-f.-  oi  f  ,j..  K>  ’.i  c'-’X'"'.- V.  'f  s)'i': vz  i.-fs' 

The  basic  features  of  the  floor  relief  of  thij  Pacific  Oc«;an 
are  ceterqined  by' the  presence “of  a  system  of  largo  mountain 
rises,  'di’riding  tho  ocean  floor  into  a  aeries  of  large  bi'.sins: 
the  Northeastern,  the  liorthwostern,  tho  Central,  etc.  The  nurao- 
rous  mount. lit!  ranges  are  attached  to  the  zone  of  the  continental 


'  eh  elves  oi  the  Pacific  Ocean,  and  separate  a  nuinber  of  outlying 
sees  fro.;!  it's  :nain  expanse:  the  Bering  (^ea,  the  Sea  of  Olchotsk, 
japan,  etc.  The  latiiet -investigations  have  introduced  corrections 

ihto  the  earlier  concepts  of  the  basic  features  of  the  ocean  ra- 

"■adi  zlc-tdi'  eli-3c.rj(';  r:. uo.”;;  *,  ;'3 -'ji.  rs.ba;.!' 

lief,  since  precise  measurements  -/ere  made  of  tho  true  dijaensio|Qs 

and  configuration  of  mountain  otructu.res  and  of  the  basins  v/hich 
''they  seperv.tQ,  However,  the  results  of  recent  investigations  had 
'•  effect  on  the  concex)ts  of  the  small  and  medium  < 

■y.  yy hv-./r ,  •.. .  .  ^  ....  .  ■.  ■.  .1 


relief  shapes  of  the  Pacific  Ocean  floor.  Discoveries  were  jaade 
of  undor-vater  nountains,  a  complex  division  of  the  ocean  floor 
surface,  underwater  hills  and  valleys  and  benches;  all  this  ra¬ 
dically  changes  the  earlier  concepts  about  huge  plains  of  the 
ocean  floor,  undisturbed  by  any  wrinlcles.  The  results  of  the  la¬ 
test  imvestigations  uncover  a  true  picture  of  the  multipliojrty 
of  the  underwater  relief  in  the  Pacific  Ocean  and  provide  an 
approach  to  the  solution  of  the  problems  of  the  origin  of  this 
ocean  floor  and  of  its  geological  history. 

A  number  of  works  have  already  been  published  recently  which 
provide  the  first  summaries  of  the  investigations  of  the  Pacific 
Ocean  floor  in  the  past  several  years  /l66,  172  b,  441/,  However, 
a  Majority  of  the  survey  works  is  confined  to  an  analysis  only 
of  individual  parts  of  this  greatest  ocean:  the  western,  soltth- 
western,  northwestern  and  northeastern  /29,  174,  257,  259,  323, 
325  a,  348,  349#  357/*  Bathymetric  survey  charts  from  material  of 
the  latest  investigations  are  cited,  in  particular,  in  the  worlcs 
of  1.  A.  Zenkevich,  Diety,,  Hess,  Hess  and  Maxwell,  Menard  and 

Diet2/29,  177,  257,  259,  326/. 

) 

,  As  has  already  been  mentioned,  the  most  important  features 
of  the  floor  relief  of  the  Pacific  Ocean  are  determined  by  the 
existence  of  underwater  mountain  massifs  which  separate  the 
ocean  into  several  principal  basins.  The  dimensions  and  confi¬ 
gurations  of  some  of  them  were  investigated  only  in  recent  ye,nrp 


«tdgfL:>ia  tli«:oOftt^r»3.--.paftj<>fvtt|f 
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^apltid  oonqposltion  of  the  pebbles  from  the  tops  Of  this  sector 
of  the  ttountidas  is  similar  tO  that  of  the  ▼oleaaie  rocJcs  of 
Ekmchhtka  and  the  Kurilles  /301/.  This  can  possibly  be  explained 
by  the  similarity  of  the  petrographic  composition  of  the  origi¬ 
nal  rocks  of  the  ridge  to  the  rocks  of  Kamchatka  and  the  Kuril- 
ieSf  but  it  is  no  less  probable  that  the  pebbles  of  this  compo¬ 
sition  were  carried  here  by  ice  floats  in  the  facial  period* 

A  characteristic  feature  of  the  anticline  rise  of  the  Hawaiian 
ridge  is  its  junction,  along  a  considerable  length,  with  a  slo¬ 
ping  depression  which  extends  along  the  eastern'  slope* 

The  Hid-Pacifie  bank  which  was  investigated  in  recent  years 
possesses  characteristics  similar  to  those  of  the  anticline  rise} 
it  extends  from  the  region  of  Keeker  Ii*land  (Hawaiian  Islands) 
to  the  region  of  Iwo  Jima  (volcano)*  The  width  of  this  bank  also 
reaches  600  miles  (1,100  km)«  Kumerous  underwater  hills  are 
located  on  this  bank,  but  they  do  not  form  joined  massifs  as 
those  of  the  Hawaiian  ridge*  Many  mountains  have  flat  tops  at 
depths  of  the  order  of  1,300  to  1,600  a* 

The  wide  anticline  rises  (banks)  of  the  Pacific  Ocean  floor 
relief  proved  to  be  an  interesting  feature;  they  are  located  at 
the  edges  of  the  ocean  bottom  along  the  deep-sea  ocean  tsenches 
/lOl,  104,  .17V«  7he  Zenkevich  rise,  extending  along  the  Kurll- 
res-Kamchatka  trench,  can  serve  as  an  example  of  such  a  bank* 
Vast  elevations,  located  at  the  bed  corners  at  'the  junctions  of 
some  banks  and  ridges  are  the  characteristic  relief  shape  of 


of  tlw  Pacific  Ocoan  /99#  592/* 

la  addition  to  tlio  uadorwator  nonntalns  of  the  Hawaiian 
ridge  and  of  the  Nld-^aclfie  bank,  a  nultitude  of  iaolated  noun- 
tains  has  been  discovered  in  the  Pacific  Ocean  in  recent  pears | 
actually  they  are  scattered  all  over  the  ^ean  f^or  /97f  175 
256,  322,  325,  338,  397/*  While  it  is  tme  that  vary  nany  under- 
water  nountains  tend  to  be  located  on  the  surface  of  banks,  or 
fora  part  of  the  systea  of  mountain  ridges,  between  the  banka 
and  aouutain  ridges  of  the  Pacific  ^cean,  on  the  bottoa  of  the 
basins,  the  number  of  aountains  is  cxtreaely  large.  These  noun- 
talas  represent  just. about  the  aost  characteristic  feature  in 
i^he  appearance  of  the  underwater  relief  of  the  Pacific  Ocean, 

As  regards  the  aost  thoroughly  investigated  underwater  aoun- 
tains,  for  exaaple,  the  aountains  of  the  O^f  of  Alaska  /325/ 
or  of  the  Mid-Pacific  bank  /I78  a/,  they  luive  round  contours 
in  the  plane,  twisting  slopes  (angle  of  Incline  up  to  10  and 
20°) I  sharp  or  flat  and  smooth  tops  located  at  depths  of  the 
order  of  1,300  to  1,700  m*  Specimens  of  rocks  occuring  in  their 
place  of  origin  taken  from  the  tops  of  underwater  mountains  in 
the.  northern  regions  of  the  ocean  consist^  of  fragments  of  vol¬ 
canic  lava  (olivine  basalt),  and  in  the  southern  tropiehX  and 
equatorial  regions  , they  consist  not  on^  of  lays  fragments,  but 
also  fragments  of  well-oemented  fauna  of.  coral  reefs  of  the  Cre- 
taeeotts  age  /178  a/«  Xt  is  a  reaarkable  fact  that  in  sediments 
covering  tiie  slopes  of  undexirater  apuntoias  of  the  Paeifie 


•oean,  foraalnlfara  of  tho  Crotaoaliaa^  porlod  war*  diaeoTorod  ' 

/239/. 

I 

I 

A  eoaparisoa  of  tho  uadorvater  mountalaa  of  tko  Pacific 

I  Ocean  with  the  existing  coral  islands  --  atolls  — •  shows  signs 

of  eonsiderablo  slailarity  between  thea  /17^*  178 i  192*  256/* 

It  is  assuaed  that  the  underwater  mountains  are  yoleanoea  whlsh 

were  formed  in  tne  Cretaceous  period.  In  a  number  of  eases  the 

tops  of  the  volcanoes  originally  rose  above  the  surface  of  the 

water,  but  were  subsequently  cut  by  the  action  of  wave  abrasion 

and  served  as  foundations  for  coral  structures.  The  submersion 

of  flat  mountain  tops  to  their  present  depth  la  ea^lained  either  by 

hhgiOKalL  tectonic  cave*ina  of  the  eaehhs  fhooh,  or  by  local  cave- 

ins  of  the  earth*  s  crust  under  the  weight  of  mountains  A78  a, 

325/*  There  is  evidence  in  favor  of  the  latter  assumption  in  the 

very  peculiar  circular  ditches  surrounding  the  foot  of  some  of 

the  mountains.  The  circumstance  that  many  underwater  mountains 

completely  lack  coral  reefs,  can  be  regarded  as  an  indication 

that  in  their  development  they  lacked  a  stage  at  which  the  top 

of  the  mountain  rose  above  the  water.  In  those  cases  where  the 

old 

mountain  top  is  covered  withy^^oral  reef,  the  submersion  of  the 
mountain  without  compensation  by  reef  growth  should  be  regarded 
as  an  indies tion  of  the  speed  of  submersion,  or  of  an  unfavo* 
rable  ohange  Of  ecological  conditions,  since  the  results  of 
drillings  on  existing  atolls  also  show  a  deep  submersion  of 
the  volcanic  foundation  and  compensation  of  this  submersioh 
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by  the  growth  of  the  reef  /178,  303*.  304,,J05/.^ 

M  For  a  long  tine  the  bottom  of  the  basins  in 
Ocean  consisted  of  Ideal  plains*  However,  investigations  of 
recent  years  have  disclosed  an  extreme  variation  of  the  relief 
of  small  and  medium  shapes*  Considerable  areas  of  the  ocean, 
floor  have  a  complicated  hilly  relief,  while  a  flat  bottom  is 
found  only  in  the  depressed  floor  and  occupies  a  relatively  small 
area.  Thus,  for  example,  along  the  itinerary  of  the  ilmerican 
'•'Mid-Pacific"  Bxpedltiou,  the  floor  was  a  flat  plain  ojtly 
along  37%  of  the  route,  while  §39^  of  the  route  showed  a  sur¬ 
face  of  the  floor  with  complicated  disiunotion  /176  a/*  The 
Soviet  investigations  of  the  northwestern  part  of  the  Pacific 
Ocean  made  it  possible  to  determine  that  vast  rises  and  eleva¬ 
tions,  even  if  they  are  relatively  low,  as  well  as  consit^rable 
areas  of  the  floor  between  them,  are  not  perfectly  flat,  but 
have  complicated  disjunctions,  and  are  covered  with  hills  and 
bisected  with  deep  valleys.  In  the  most  depressed  part  between 
;>  the  Hawaiian  ridge  and  the  Zenkevich  rise  the  ocean  floor  was 
found  to  be  flat,  but  within  the  limits  of  the  plain, .  a  .narrow 
area  was  discovered  haying  an  extremely  complicated  relief, 
representing*  a  oombiaation  of  mountain  emd.^  trenches  /3^9/.* 

’  nin  our  opinion  the  mono  of  such  a  complicated  rsliof  is  the 
result  of  intense  tectonic  dislocations.  It  extends  for  hund- 

. .  re  ds  ;.of  Iiilome  tera ..  and.  i  repr ef  ent  s  .,.,a  ,c  harae  |,eri'8^e  _  pec,uliar ity 

,i.of  the  floor  relief  of  tbe  northwestern  .part  of  the  ocean*. 
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It  10  ft  fftct  aerltlng  our  closaftt  ftttention  thftt  on  th* 
floor  of  thft  Pacific  Ocean y  at  an  iaaense  diatanea  from  the 
coaet  of  land,  there  are  eimvltaneoualy  existing  regions  of 
oonplicated  disjunction  and  perfectly  smooth  surfi-ce  of  the 
floor*  This  evidence  refutes  the  earlier  concept  of  an  even 
covering  of  sediment  smoothing  out  the  original  relief  of  the 
ocean  floor  or  in  some  manner  preserving  its  original  uneven¬ 
ness  due  to  an  even  covering.  This  is  evidence  of  intensive 
processes  of  erosion  and  washout  of  the  sediment  cover  ta^^ng 
place  in  the  ocean  deeps,  of  the  displacement  of  masses  of  se¬ 
dimentation  material  along  the  floor,  and  of  the  preeminent 
evening  of  the  floor  depressions  on  account  of  local  sedimen¬ 
tation.  It  WHS  noted  before  that  the  discovery  of  perfectly 
smooth  deep-sea  plains  in  the  Atlantic  Ocean  caused  a  search 
for  a  special  explanation  of  this  smoothness.  Under  conditions 
existing  in  the  Atlantic,  the  most  likely  cause  of  the  even 
floor  of  basins  should  bo  sought  in  the  turbidity  currents 
which  carry  masses  of  sediment  material  from  the  region  of  the 
continental  slope  and  thus  fill  the  depressions  in  the  floor* 
Under  conditions  of  the  Pacific  Ocean,  turbidity  currents 
could  play’  an  essential  role  in  smoothing  the  relief  only  in 
the  eastern  part  of  the  ocean,  where  the  zone  of  the  continen¬ 
tal  slope  abuts  directly  on  the  ocean  floor  /323  a/ •  In  the 

j*emaining  parts  of  the  ocean,  where  the  zone  of  the  oontlnen- 

✓ 

tal  elope  is  separated  from  the  ocean  floor  by  deep-sea  ocean 


irhleh  appear  to  be  pitfalls  for  turbidltj  ourreats, 

f  I  /  or, 

'  iho'^roli  of  the  latter  la  asoothiag  the  floor  oarfaoo  see«s 
"^’to  bo'^obbtfttl*  It  sboald  there  fore  be  assusod  that  the  re- 
lleYoforsins  role  of  soaetther  exogealo  proeesseey  for  exas- 
pie  bf  hbttos  ei^reats  or  iateraal  disloeatlona  of  aediaeat 
l£ttor  i^ohld  be  auoh  greater  thaa  it  vas  earlier  asstiaod* 
laTdstigatioa  of  saall  relief  shapes  widely  distributed 
la  the^kirfaee  of  the  Paelfie  ooeaa  floor  shows  that  aaoag 


them  thejre  is  a  prevaleaee  of  hills  with  isoaetrio  ontliaes. 
The  IhaeasS  depths  at  which  these  hills  hare  beea  disoorered, 
•*®lttbey  ia^ wpisioa  of  a  aajority  of  authors,  the  posslbi- 
Uty  of  their  subaeral  erosire  origla.  It  is  difficult  to  ex- 
plaia  the  origia  of  the  hills  as  doe  to  bdttoa  curreats  or 
any  other  exogenic  processes  under  conditions  existing  on  the 
-  bclifaa^  floor.  A  tectonic  or  rolcanle  origin  of  these 
seeas  to  be  the  aost  probable  /99,  176  a,  284,  285/, 


-A  study  of  the  laws  gorerning  the  ^atlal  distribution  of 
’  iaall  aad  aedluar  shapes  of  the  Pacific  Ocean  floor  relief,  aade 
it  possible  to  obserre  the  following  ijqiortaat  features  of  the 
oc'iah  floor  relief  •  It  was  found  that  sons  sectors  of  the  coap* 
licated  relidf  stack  up  iato  a  systea  of  sereral  linear  soaes, 
which  idpo  billed'  shear  abnes*' The  character  of  the  irregularities 
'■■of  the  'floor' ia  the  shear  soaes  is  quite  ^'^riedi  it  possesses 

aouatains  aad  hills,  deep 

^*^  ^^*^*  Thus,-  for  exaaple'ji  ibae  5^^of  the  shear  soaes 


in  th#  nnatem  pnrt  of  tko  oconn*  onllod  tko  Mondooinp.  nono,  • 
is  shsraetortsod  bj  a  bi^  (in  aosa  plaaas  np  to  2,500  a),  bonek  \ 

^  of  great  atoapnosa  (in  plaoaa  up  to  30®),  extending  in  a  latitn- 
jdinnl  direction  for  alaoat  2,500  ka  /321»  323  a,  326/.  Other 

aonea  are  noted  for  tkeir  narrow  trenches  and  eJ^ina,  aa,  for  : 

1 

example,  the  shear  none  discovered  in  the  northwestern  part  of 
the  ocean  /349/  and  the  so-called  Murray  shear  none  in  the 
eaatorn  part  of  the  ocean.  The  combination  of  deep  trenches  and 
little  chains  of  underwater  mountains  diatinguiahes  the  Clarion 
and  Clipperton  shear  nones  /323  a/.  All  shear  nones  are  noted 
for  their  immense  length.  The  shear  system  of  the  eastern  part 
of  the  ocean  also  shows  a  remarkable  parallolism  of  the  sepa¬ 
rate  nones  and  their  extension  of  the  continental  boundaries 
of  Worth  America. 

To  sum  up  what  has  been  said  above  on  the  results  of  the 
latest  investigations  of  the  Pacific  Ocean  floor  relief,  three 
ipeeial  features  can  be  noted.  First  of  all,  it  is  a  prevalence 
I  of  shapes  of  tectonic  and  volcanic  origin  in  the  relief.  The 
Pacific  Ocean  fiber  should  apparently  be  regarded  aa  a  region 
of  the  greatest  display  of  volcanoes  anywhere  on  the  earth. 
Further,  t^e  ocean  floor  relief  shows  signs  of  some  regulari- 
.  ties  on  a  planetary  scale  which  determine  the  direction  and 

r 

:  ’ distribution  of  immense  mountain  structures,  and  the  location 
5  of  underwater  volcanoes  and  shear  sones.  Finally,  the  devolcp- 
5  meat  of  deep-sea  plains,  along  with  the  eoi^licated  floor  Velief 

- 76  — 


provld**  •Tld«a««  pt  tha  rariaty  of  aurfaeo  roliof-foralas  pro« 
eoasos  ia  tho  aeoaii* 

Tho  indlTidual  aootors  of  the  outskirts  of  the  Pacific  are 
very  Tarled  in  their  norphologieal  properties*  The  relatively 
slaple  relief  of  the  continental  slope,  similar  in  many  details 
to  the  relief  of  the  continental  slopes  of  the  Atlantic  Ocean,  is 
only  applicable  to  the  eastern  part  of  the  Pacific*  Its  western 
part,  on  the  contrary,  possesses  an  extremely  complicated  relief 
of  the  outskirts,  representing  an  intermediate  sons,  and  within 
its  limits  there  are  developed  large  mountain  massifs  combined 
with  deep-sea  ooeu  trenches  on  the  one  hand,  and  basins  of  the 
outlying  seas,  differing  from  the  ocean,  on  the  other  hand* 

Soviet  oceanologists  have  conducted  major  oper«itions  qf 
studying  the  underwater  relief  in  the  outlying  seas  of  ^ast 
Asia  dturing  the  course  of  a  number  of  recent  years  /29/*  As  a 
result  of  numerous  expeditions  of  the  Institute  of  Oceanology 
Acad  Scl  USSR  on  the  expedition  ship  "Yityas"'  detailed  bathy¬ 
metric  charts  have  been  plotted  showing  the  complicated  relief 
of  the  intermediate  sone*  A  study  has  been  made  of  the  relic  re¬ 
lief  of  the.  mubmerged  continental  ooast,  providing  evidence  of 
considerable'  local  submersions  which  aocompanied  the  develop¬ 
ment  of  the  intermediate  sone  /5B,  9^«  103/*  Numerous,  hereto¬ 
fore  'Unknown  underwater  rises  and  ridges  have  been  discovered 
and  investigated  within  the  sone  of  the  continental  slope*  For 
example,  a  large  underwatej  ridge  has  been  disaovered  in  the 


ideriag  S«a«  It  is  Interesting  that  it  la  located  exactly 

extension  of  the  underwater  Hawaiian  ridge  of  the  Paoifio  Ocean*  | 

! 

It  is  possible  that  the  ridge  discovered  in  the  Bering  Sea  is  • 

only  the  very  northernmost  end  of  the  Hawaiian  ridge,  involved 
in  the  development  of  the  intermediate  zone  and  now  separated 
from  the  Hawaiian  ridge  by  the  a^rstem  of  the  Aleutian  Island 
chain  and  by  deep-sea  trenches.  The  expedition  on  the  »'Vityae»” 
discovered  an  outer  underwater  ridge  of  the  Kurilles  Island 
chain,  and  underwater  ridges  within  the  limits  of  the  Kamchatka 
continental  slope  /6/. 

The  underv.'ater  valleys  of  the  Kamchatka  continental  slope 
were  subjected  to  detailed  investigations;  their  shapes  are  on 
the  same  scale  as  the  widely  known  underwater  canyons  of  the 
Cclifornia  coast  of  the  USA.  A  large  number  of  heretofore  un¬ 
known  underwater  volcanoes  was  discovered  within  the  region  of 
the  Kurilles  chain,  which  substantially  complement  the  above¬ 
water  system  of  volcanoes.  Certain  features  of  regularity  can 
be  discerned  in  the  location  of  above-water  volcanoes  which 
could  not  have  been  noticed  before  without  the  data  on  the  lo¬ 
cation  of  underwater  volcanoes  /8,  10^/.  Flat  deepsea  plains 
have  been  discovered  on  the  bottom  of  the  basins  of  outlying 
seas,  separated  from  the  ocean  by  the  mountains  of  island 
chains.  They  represent,  of  course,  the  surface  of  sedimenta¬ 
tion,  accumulating  in  these  natural  cesspools.  The  peeuliari- 
ttea  of  their  morphology  are  in  many  respects  similar  to  the 
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floor  relief  outllnea  of  the  North  Atlaatio  baelna,  and  it  is 
quite  probable  that  the  formation  of  theee  plains  prooeeds  in 
an  analogous  manner  under  the  action  of  turbidity  currents. 

The  expedition  on  ths  "Vityaz’*’  paid  particular  attention 
to  a  study  of  a  belt  of  deep-sea  trenches  associated  with  moun¬ 
tain  etruotures  of  the  intermediate  zone*  As  a  result  of  these 
Inrestlgationsy  the  heretofore  unknown  true  dimensions  and  con¬ 
figuration  of  the  Kurilles-Kamchatka  deep-sea  trench  were  estab¬ 
lished*  The  morphological  interrelationship  between  the  Kurilles- 
Kamchatka  trenoh  and' its  neighboring  Aleutian  and  ffapan  trench 
has  been  elarified|  as  well  as  between  the  Japan  trench  and  the 
Idzu-Bonin  trenoh  to  the  south  and  the  northern  end  of  the  Ma¬ 
rianas  trench*  It  was  found  that  the  Kurilles-Kamchatka  trenoh 
is  extremely  long  —  about  2 « 000  km.  It  joins  the  neighboring 
trenches  V-  the  Aleutian  and  the  Japan,  forming  together  v;ith 
them  a  huge  ditch  which  extends  along  the  western  edge  of  the 
Pacific  Ocean  from  the  coast  of  Alaska  to  the  Marianas  Islands* 
The  maximum  depth  of  the  Kurilles-Kamchatka  trench  is  10,542  m, 
!*•*,  it  is  close  to  tae  maximum  depths  of  ihe  Marianas,  Philip- 
pine,  Idzu-Bonin  and  other  deep-sea  trenches  of  the  Pacific 
Ocean  /9B^  100,  104,  106/ *  It  is  possible  that  this  similarity 
indicates  some  common  rules  of  development  governing  the  tren- 
ehes*  The  Kurilles-Kamchatka  trenoh  has  a  characteristic  V-shaped 
profile,  and  the  steepness  of  its  slopes  reaches  10  to  15®*  In 
the  deepest  part  of ' the  trench  there  Is  a  narrow  area  of  a  flat 


79 


■■■‘'•A’' 


'■  *.;, 


•  V'- '  ^  ■•  ■“■■'<'''■''** 


raooth  bottoa  —  the  width  of  this  area  la  between  3  and  20 
miles  (i.e.,  from  9  to  35  ka).  Tkis  profile  shape  and  the  flat 
bottom  are  a  eommon  feature  of  all  deep-sea  trenohes*  The  fie' 
bottom  of  the  trenches  probably  relates  to  the  surface  of  the 

accumulating  sedimentation.  It  is  quite  probable  that  the  even- 

•  < 

ness  of  the  trench  bottom  is  associated  with  landslides  and  tur¬ 
bidity  currents. 

The  expedition  on  the  ”Vityaz'"  also  investigated  the  relief 
of  the  western  part  of  the  Aleutian  trench.  In  the  region  of  the 
Komandorski  Islands  its  depth  reaches  7fOOO  n.  The  trench  has 
very  steep  slopest  in  places  almost  vertical  benches  were  obser¬ 
ved,  2,000  to  3,000  a  hi^.  Its  bottom  is  also  flat.  The  passage 
from  the  Aleutian  to  the  Kurilles-Kaachatto  trench  does  not  show 
any  perceptible  threshold.  The  junction  of  the  deeps  represents 
a  vide  and  even  area,  rising  somewhat  above  the  neighboring  sec¬ 
tors,  appearing  as  a  widening  of  the  flat  bottom.  The  boundary 
between  the  Kurilles-Kanchatka  and  Japan  trench  is  a  little  dif¬ 
ferent)  here  wo  obsearve  a  relatively  narrow  and  complicated 
forked  threshold,  above  which  the  depth  reaches  6,700  m,  i.e., 
much  more  than  above  the  abutting  areas  of  the  ocean  floor,  so 
that  the  region  of  great  depths  is  not  Interrupted  in  the  trench. 
Morphologlsally,  however,  the  threshold  at  the  junction  of  the 
two  trenches  is  quite  clearly  noticeable.  The  relief  of  the 
Japan  deep-sea  trench  is  similar  to  the  relief  of  the  KuriUes- 
Kamchatka  trench:  the  same  profile  shape,  approximately  the  same 
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ata*pa«M  of  oloiwot  omd  a  flat  ooootk  bottoa* 
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.  , .  V  A.  otttdj  was  iwdo  of  the  oyetoa  of  doopofloa  tMAokos/oxtoai- y 
Isc  oodhward  froA  Honaha  Zolaad  aloaf  tho  Zdau,  Boaia  aad  Zwo 

iolaado.  Eoarlior  it  was  asouaod  that  thoy  all  aoaotituto  j 
a  aalt  aith  tho  Japaa  troaeh*  fkola  .eouroot  hoaovor,  qalto  I 

sharply  difforo  froa  tho  ooaroo  of  tho  jTapaa  troaoh*  trtilottxlioo 
oaatward  from  Hoaoha  Zalaad*  Thoy  also  dlffhr  froa  tho  Japaa 
tronoh  quito  aarkodly  by  tho  aataro  of  thoir  roliof*  just  aa  thoy 
do  froa  the  Kurllloo-Eaaohatkat troaeh*  She  stoopaooa  of  thoir 
olopoo  aear  tho  iolaado  of  Zdsa,  Boaia  aad  Zao  Jiaa  io  aot  quito 
io  groat  ao  ia  tho  Jap^m  aad  Ihrill08'<<>lteaehatka  troaokf  bat  tho 
roliof  of  the  olopo  oarfaeos  io  aaah  aoro  oo^plieatod*  Sho  hot* 
toa  of  thooo  troaehos,  although  oroa,  yot  it  io  aot  quito  ouoothy 
aad  eeaotitutos  a  oorioo  of  ooparato  eoUo*  Za  tho  futuro  it  would 
bo  Mr0  oxpedioat  aot  to  oiroulato  tho  tora  Japaa  troaeh  to  ia- 
elude  the  trenehoo  adar  the  iolaado  of  Idou,  Boaia  aad  Zwo  Jiaa, 
oiace  these  troBchoo  appear  to  uo  as  iadepeadeat  foraatioao,  aoso- 
eiated  with  the  aouataia  otructuroo  of  those  ioihada*  |a  addition, 
it  oeeao,  to  bo  lUioorroet  to  use  tho  aaao  Boaia  with  roforfaeo  to 
the  troaeh  lying  eastward  of  Zwa  J^fuit  oad  ooparatod  by  a  hi|d^ 
threshold  froa  the  troaeh  which  lies  oast  of  tho  Boaia  islaads* 


Siace  the  troaeh  near  the  Bonia  islaads  is  aorphologieally  olo* 
sely  associated,  with  tdio  troaeh  soar  the  Zdau  islaads,  .it 
aoro  corroet  to  regard  both  as  a  slgiAf  tronoh  aad  tA  sail  it 
the  l^-Bonj^  troaeh*  ^o  trfneh  aear  Jteo  JiM  a^  ^ 


.vWV. .  a‘  ■ , 
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Ifttely  independent,  end  then  it  could  be  celled  the  Iwo  Jlae 
trench,  but  ee  yet  the  problea  hee  not  been  clarified  cdncerO 

ning  Its  association  with  or  separation  from  the  northern  end 

0 

of  the  Marianas  trench.  Perhaps  it  should  be  regarded  as  the 
northern  end  of  the  latter  trench  /9/» 

If  we  assume  this  division  of  the  deep-sea  trehches  in  the 
western  part  of  the  Pacific  Ocean,  the  maximum  depths  will  be 
as  followst  the  Japan  trench  —  8,412  m  (according  to  the  data 
of  Japanese  Chart  No.  69OI  A74/),  the  Idzu-Bonin  trench  - 
-  9«810  m  (according  to  data  of  the  "Vityas^"  expedition). 

The  depth  above  the  threshold  separating  the  Idsu-Bonin  trench 
from  the  Iwo  Jima  trench  is  3,760  h. 

The  relief  of  the  Intermediate  zone  in  ihe  western  out¬ 
skirts  of  the  Pacific  Ocean  was  recently  investigated  by  Ja¬ 
panese  researchers  /34l,  342,  412/.  Their  main  attention  was 
centered  on  the  relief  of  the  coastal  shelf  and  of  the  upper 
sector  of "the  slopes  of  the  mountain  structure  of  the  Japanese 
Islands ^/317/.  Thus,  detailed  investigations  of  the  shelf  and 

of  the  upl)er  .slopes  were  oonducted  close  to  the  coast  of  the 

> 

island  of  Hokkaido;  the  results  are  shown  on  detailed  bathy¬ 
metric  chaffs  and  in  articles  /99t  277,  286,  415/.  Detailed  ' 
studies  were  made  of  the  i^derwafer  valleys  on  ihe  slopes  of 
the  islands  of  Honshu  and  Shikoku  /240,  341^  342/. .Japanese  " 
iivestigatiohs  also  embraced  the'  region  of  tlixe  Idzu  islands; 


attention  was  focussed  on  s  study  of  the  floor  relief 
in  the  region  of  the  Bsyonusise  rooks  where,  in  1952,  during  on 
eru]|>tion  df  on  underweter  roleanoet  the  Japanese  research  ship 
"Kayo  Martt”5^  loht  /266’,  330/  •  . 

'  * 

IttTeotigations  of  the  relief  of  deep-sea  trenches  at  the 
western  outskirts  of  the  Pacific  Ocean  were  recently  conducted 
by  a  number  of  large  oceanographic  expeditions*  Thus,  for  exam¬ 
ple,  the  expedition  on  the  "Oalatea"  owadueted  detailed  inresti- 
gatioM  of  the  Philippine  trench,  diacoyering  the  charaeteriatic 
outline  of  its  relief,  peculiar  nearly  to  all  deep-sea  trenches t 
a  V-shaped  cross  profile,  steep  slopes,  and  flat  smooth  bottom 
/144,  280,  443/.  As  a  result  of  the  study,  of  the  Philippine 
treahh  bottom,  a  conclusion  was  reached  as  to  its  maximum  depth t 
according  to  the  data  of  "Qalatea"  it  is  10,265  m,  which  is  a 
little  less  than  the  depths  of  this  trench  indicated  before 
/260/. 

The  iarestigation  of  the  relief  of  the  Japan  and  Isu-Bonin 
trench  wys  carried  out  by  the  American  '*Trans-Pacific"  expedi¬ 
tion  /210/*  This  expedition  noted  the  essential  differences  in 
the  course  of  the  Japan  trench  and  the  Isu-Bonin  trench,  measu- 
red  the  great  depths  in  the  latter,  and  found  that  the  bottom 
was  flat  ani  smooth*  The  British  expedition  on  the  "Challenger" 
studied  the  relief  of  the  Marianas  trench  A?3t  226/*  The 
work  of  this  expedition  contdbuted  to  the  diacoTery  in  the  ^ 
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TTlarlanas  tranehf  of  a  new  aaximuoi  depth  of  the  oceans  of  the 
world  —  10,863  m* 

The  relief  of  the  Tonga  trench  was  studied  In  great  detail 
by  the  "Trans*Paclfic"  expedition;  a  fairly  detailed  bathynet-  . 
rlc  chart  of  this  trench  has  been  drawn  /36l/«  It  should  be 
noted* that  the  "Trans-Pacific"  expedition  aeasured  the  greatest 
depth  of  the  Southern  Hemisphere  In  the  Tonga  trench  —  10,633 

m  *  " 

a  •  The  characteristics  of  Its  relief  Indiaats  that  the  Tonga 
trench  is  quite  similar  to  the  other  deep-sea  trenches  of  the 
we^stexm  outskirts  of  the  Pacific  Ocean. 

In  recent  years  Investigations  were  developing  of  the  un¬ 
derwater  relief  In  the  southernmost  outlying  sector  of  the  ocean, 

near  New  Zealand  /137*  142,  248/.  Information  on  the  floor  re- 

«• 

lief  of  this  region  Is  still  quite  scanty,  but  one  of  the  first 
bathymetric  charts  has  already  been  drawn  on  Its  basis  /143/. 

The  relatively  shallow  regions  are  most  accessible  to  study, 
it  Is  therefore  understandable  that  the  Investigations  of  the 
floor  relief  in  the  New  Zealand  region  were  at  first  mainly 
concentrated  on  the  explanation  of  the  morphology  of  the  con- 
ifnehtal  shelf  and  of  the  upper  part  of  the  continental  slope. 
Particular  attention  was  drawn  to  problems  of  the  association 
’•11,  034  *  aocordlng  to  datum  25  of  the  "Vytyas*"  voyage. 

••  10,882  a  according  ib ‘dafeoii  26  of  the  "Vityas’"  voyage. 

L  ■■■■  ...  J 


84 


■) 


of  .th«  UBdOTWoter  rellof  with  land  strueturaa.  imd  with  som  larfo 

215,  21$,  217/*  studlof  of  aiaall  ro* 
liof  form  worocarriod  out  by  “ow  Zealand  Beientists  in  connee- 
tlon  with  the  problem  of  the  possible  exiateacf  of  land  in  the 
ipeation  of  Cook  Strait  during,  tbe  Quaternary  period  The 

pubiiohed  aukt^rial  on  the  floor  relief  in  the  neighborhood  of  lew 
Zealand  served  as  a  basis  of  a  conoept  of  the  oz^gin  of  under¬ 
water  canyons  recently  expressed  by  Cotton  /16C/.  , 

The  regions  of  the;  Pacific  Ocean  abutting  on  the  Antaretie 
have  been  jftudied  by  various  antaretie  eapedltiona.  fje  the  order 
of  ron^lne  recoimaissancei  investigations  /l$6|i,172e»  235/*  ,  ;  , 

.  The  ncrtheastem  part  ,  of  ****^^^7  abutting  on  the 

'  shores  of  Central  and  North  Anerlea  was  investigated  in  great  de- 
tail.iSxpeditlons  of Jhe  Scrippe  Oceanographic ^Institute  and  of 
the  Marine  Electronics  laboratory  of  the  PS  Navy  conducted  eyste- 
aafcic  studies  of  the  underwater  relief  of  the  continental  slope 
and  of  BOse  regions  of  the  ocean  abutting  on  the  continental 
slope  .  The  rise  of  .the  .^lapagos  Islands  was  sub4eoted  to  datai- 
led  Investigatleni  it  .is  located  in.the^easterh  part  of  the  Pa- 
lolfle  Ocean  at  the  intersection  of  the  underwater  Carnegie  and 
■  Cocos  ridges  V392/$  in  this  yegard  it  bears  a  familiar  resemb¬ 
lance  tc  thw  Obrucher,  rise ; 


detailed  eharaeteristies  of  the  relief  of  the  Chiatenala  deep-sea 
ocean  trench,  whoae  maximum  depth  equals  6,662  n*  This  is  ons  of 


th«  least  daap  trenehas  in  the  eeaaas,  but  at  tha  saua  tiaa  It 
pbsaasiasHha  ea*a  relief  features  as  the  ether  deep-sea  treneh- 
' as  of  the  Pacific  Oceans  a  V-shaped  profile,  an  elongated  eon- 
tour,  steep' s]f0p^8,  a  flat  and  smooth  botton,  and  a  wide  bank 
at  the  edge  of  the  ocean  floor* 

The  cohtinenal  slope  was  studied  tfa- particular  details  at 
the  shore  of  California,  i*e»,  directly  neighboring  on  the 
Scripps  Oceanographic  Institute  which  is  located  in  la  Jolla* 

The  main  object  of  the  inwestigatibhs  were  the  underwater  can¬ 
yons  of  the  continental  slope  and  components  of  the  relief  which 
hade  it  possible 'to  determinedtheir  associatibn  with  the  con¬ 
tinental  structure.  The  extent  of  work  of  studying  the  floor 
relief  of  the  California  coast,  conducted  up  to  date,  is  quite 


voluminous  /4i9/.  The  scope  of  studies  of  the  underwater  can¬ 
yons  in  this  part  of  the  ocean  is  probably  the  beet,  and  the 
presentations  of  the  California  marine  geologists  concerning 
these  problems 7l64,  385,  388,  389/  exert  a  considerable  influ¬ 
ence  Oh  the  development  of  ideas  of  scientists  in  some  other 


countries  A80,  440/.  The’ investigations  of  the  deepest  parts 
Of  the  submarine  c^oyo®*  bad  the  greatest  effect  on  the  deve- 
iopmeht  of  Ideas  of  their  origin,  who  found  that  the  subma- 

i 

rine  canyoiis  close  to  ihe  California  coast  extend  to  the  very 
foot  of  tie'  eontineatsl  slope  and  partially  continue  on  the 


Ocean  fioblifV  and  ihe  endings  of  canyons  have  peculiar  deposit 
Yea  tures^' 7177/.  In  addition  to  the*^  suhharine'  chnyons,  the  most 


interesting  features  of  the  underwater  relief  off  the  California 
coast  are  numerous  underwater  ridges,  rises  and  basins  whose 
distribution  indicates  a  close  association  with  the  structure 
of  land#  Thanks  to  these  ridges,  rises  and  basins,  the  continen¬ 
tal  slope  in  this  area  does  not  represent  a  steep  bench,  just  as 
it  does  not  represent  bench,  judging  from  the  data  of  the 

latest  investigations,  in  other  parts  of  the  oceana,  either.  The 
investigations  of  t.^is  part  of  t  .e  Pacific  Ocean  have  played  a 
leading  part  in  the  development  of  ideas  of  the  continental  slope 
as  an  intermediate  zone  possessing  a  complex  relief  /190,  193« 
307/. 

The  continental  shelf  off  the  Ci;lifornia  coast  has  been  stu¬ 
died  in  considerable  detail  /192/ .  The  data  concerning  its  re¬ 
lief  have  made  4t  possible  to  draw  a  number  of  important  conclu¬ 
sions  on  the  features  of  sedimentation  within  the  range  of  the 
shelf,  and  on  the  association  of  the  underwater  relief  with  the 
tectonics  of  land. 

Of  great  interest  are  the  results  of  investigations  conduc¬ 
ted  in  recent  years  by  the  U.S.  Coast  and  Geodetic  Suf^y  th' the_ 
region  of  the  Aleutian  Island  chain  and  the  Aleutian  deep-sea 
trench  /228^  231,  531i  332/.  Detailed  large-scale  bathymetric 
charts  have  been  drawn  from  the  material  of  these  undertakings 
which  show  the  extremely  complex  of  varied  relief  of  the  under¬ 
water  slopes  of  the  aoiiii tain  structure  of  the  Aleutain  ri^ge  and 
trench.  These  charts  are  of  particular  interest  in  an  analysis 


of  the  association  of  the  submarine  relief  with  land  tectonics, 
and  particularly  of  the  association  of  underwater  valleys  with 
break  lines.  The  activities  of  American  invest j;i-a tors  in  the 
northern  part .  of  the  Pacific  Ocean  also  ejiibraced  the  Bering  Sea 
/3O6/,  where  they  obtained  new  data  on  the  relic  subaerial  re¬ 
lief  of  the  continental  ahelf  /175/* 

Investigations  of  the  floor  relief  of  the  Indian  Ocean  were 
conducted  on  a  relatively  limited  scale  in  the  post-war  period 
/209/.  They  consisted  mainly  of  routine  observations  conducted 
by  the  round-the-world  expeditions  on  the  "Albatross  "(Jala- 
thea"  and  "Challenger"  /226,  280,  265/*  The  materials  of  these 
expeditions  indicate  a  considerable  complexity  of  the  floor  re¬ 
lief  of  the  Indian  Ocean,  witnin  whose  limits  we  find  vast  sub¬ 
marine  rises,  individual  isolated  mountains,  rolling  plains  and 
plains  with  a  flat  and  extremely  smooth  surface.  A  number  of 
submarine  ridges  forms  a  huge  mountain  system  extending  across 
the  entire  ocean  approxi.aately  in  the  meridional  direction.  This 
mountain  system  resembles  the  Mid-Atlantic  ridge  in  many  res¬ 
pects.  In  particular,  the  slopes  of  the  ridges  indici?te  areas 
of  flat  plains  located  in  depressions  of  the  floor,  resembling 
the  '  terraces*'  of  the  Mid-Atlantic  ridge. 

Materisils  of  the  investigations  of  the  Indian  Ocean  floor 

r 

relief  remain  mostly  unpublished  and  have  not  been  Q3l|)x*ee8ed  on 

bathymetric  charts.  It  is  therefore  difficult  at  present  to 
speak  of  the  appearance  of  concrete  features  of  the  floor  r«- 


llftf  of  this  oeoan  la  the  llf^t  of  the  latest  data*  We  oan  ooly*^ 
apeak  of  aotto  of  the  most  interesting  peculiarities  of  the  re- 
lief  discorered  in  recent  years*  ThuSf  of  great  interest  are 
the  deep-sea  plains  discovered  in  the  Indian  Ocean,  which  are 
like  ,^he  above-described  plains  of  the  Atlantic  and  Pacific  Ocean 
Among. those,  the  plain  southwest  of  Ceylon,  and  another  in  the 
central  part  of  the  ocean  are  the  largest  in  size*  An  interesting 
feature  of  one  of  the  dhep-sea  plains  abutting  on  the  Bay  of 
Ben/^1,  are  submarine  valleys  which  are  very  similar  to  the 
submarine  canyons  in  the  deep-sea  plains  of  the  Atlantic  Ocean* 
Since  the  origin  of  these  canyons  in  the  Atlantic  Ocean  is  as¬ 
sociated  with  the  activity  of  turbidity  currents,  it  can  be 

assumed  that  they  are  of  similar  origian  also  In  the  Indian 

# 

Ocean  /lyV*  However,  in  the  opinion  of  mamp  authors,  the  more 
probably  hypothesis  is  the  one  on  the  tectonic  origin  of  subma¬ 
rine  valleys  on  the  surface  of  the  Indian  Ocean  floor  /284,  285/* 
A  wide  distribution  of  underwater  mountains  has  been  found 
in  the  Indian  Ocean  which  have  not  been  studied  is  such  detail 
as  the  mountains  in  the  Atlantic  and  Pacific  Ocean,  but  accor¬ 
ding  to  available  data  most  of  them  can  be  listed  as  underwater 
volcanoes*  Undericater  mountains  are  particularly  numerous  in  the 
eastern  part  of  the  ocean*  A  detailed  study  of  some  would  rather 
indioate  their  tectonic  than  volcanic  oric^n  350,  438/* 

Detailed  investigations  were  only  conducted  in  limited 
regions  of  the  Indian  Ocean*  Among  these  are  the  activities  of 


the  French  expedition  on  the  "Caljrpno”  in  the  Sea  in  1951 
and  1952  which  aade  it  poaaibia  to  deteralne  the  tectonic  origin 
of  the  principal  relief  features  of  the  floor  of  this  sea  which 
represent  a  huge  fault  basin  /336/.  Investigations  of  the  floor 
relief  in  the  northernmost  part  of  the  ocean  are  being  oonduoted 
on  a  aore  limited  scale  /299i  315/.  These  studies  have  apparen* 
tly  reached  their  largest  scope  in  rScent  years  close  to  the 
shores  of  Australia.  The  basic  problems  which  interest  the  Aue« 
tralian  scientists  are  problems  of  the  association  of  the  under¬ 
water  relief  with  land  tectonics  /152t  208^  209/. 

In  the  North  Arctic  Ocean  the  development  of  oceanographic 
investigations  in  the  post-war  period  proceeded  on  the  basis  of 
wide  utilization  of  aviation.  Numerous  air  expeditions  and  a 
number  of  drifting  stations  investigated  the  floor  relief.  It 
must  be  admitted  that  until  very  recently  the  basic  method  of 
studying  the  underwater  relief  by  arctic  expeditions  was  the 
cable  measurement  of  depth,  and  this  method  was  replaced  by  the 
sonic  method  only  since  1958.  For  this  reason  the  relief  of  the 
North  Arctic  Ocean  was  not  investigated  in  such  detail  as  that 
of  the  other  oceans  where  echo  sounding  is  used  for  this  pur¬ 
pose.  However*  the  discoveries  made  in  the  North  Arctic  Ocean 
essentially  change  the  former  concepts  of  the  relief  of  its 

r 

flour,  which  had  net  been  studied  to  a  great  extent.  The  data 
obtained  are  extremely  important  for  an  understanding  of  some 
laws  governing  the  floor  structure  of  the  oceans. 
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*■  Soviet  hi^-latitud®  expeditiQtts/of  the  Arctic  fleieatitie 
'  Sese^i'hh' i  of  the  Main  Northern  Sea  ihanea  have  made  a 

particularly  large  contribution  to  the  study  of  the  North  Arc¬ 
tic  Ocaan  floor 'relief.  Such  expeditions  are  conducted  since 
1946,  by  settiiig  dp  drifting  stations  Which  oake  systematic  in¬ 
vestigations  of  the  underwater  relief  along  the  drift  route* 

The  BJost  important  achievement  of  these  expeditions  was  the  dis¬ 
covery  end  investigation  of  a  huge  motm tain  ridge  extending  all 
ac'ro8iB''the  North  Arctic  Ocean  /74/  which  was  named  the  M,  V, 
't.omoft^bov  'i»idge.  In  connection  with  the. ^discovery  of  the  Lomo- 
'  '  ’h'b4bv  ridge  i  there  has  been  a  considerable  change  of  the  eonoept 
of  the*  tectOhicii  of  the  North  Arctic  Ocean  /8p,  86/*  Tha  disco¬ 
veries  made  by  the  Soviet  expeditions  in  the  Arctic  found  many 
reepbhseV’in  foreign  publications  /I56,  4o8,  40]),  413/,. 

"  '  “  '  "'iiivestigations  conducted  by  flying  American  expeditions  in 
the  North  Arctic  Ocean  did  not  yield  such  important  results  aa 
the  Soviet  expeditions,  but  they  provide  an  essential  supplement 
'to  the  concept  of  the  floor  relief  of  tnis.ocean  in  a  sector 
abutting  on  the  Amarican  North,  Of  particular  interest  is  the 
' ‘information  about  the  submarine  canyons  of (the  North  Arctic  Sea 
obtained'by  means  Of  acho  soundings  made  from  drifting  stations 
'  '  Vi56,  'l62v  i62a,  l63f  306, ‘447/*  'Xhe  work  of  Rex  /364/  is  dedi¬ 

cated- to  %hG'probleiii«  of  exogenous  processes  of , the  development 

'  ' ' Of  the''shbmahihe'  relief  under  ArOtie  conditions,  and  espeieally 

of '-tha'' h'ctlvlty' of  floating  ice,  •',■■■5,'  ..>d-Y,;.r  .vhi.-'  • 
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Investigations  of  the  floor  relief  in  the  Antarctic  Ocean 
in  recent  years  were  conducted  on  a  widest  scale  by  the  British 
expedition  on  the  ‘'Discovery"  /l65/.  This  expedition  investiga¬ 
ted  different  regions  of  the  Antarctic  year  after  year  and  its 
materials  provide  a  lot  of  information  for  an  idea  of  the  under¬ 
water  relief  of  this  ocean  /249/.  In  addition  to  the  "Discovery" 
the  floor  relief  in  the  Antarctic  was  studied  by  American  expe¬ 
ditions  /172,  430/,  and  by  a  French  Antarctic  expedition  /362/« 
In  1956  a  Soviet  Antarctic  expedition  on  the  "OB*”  /4l, 

59/  began  a  study  of  the  underwater  relief  in  the  Antarctic. 

A  survey  of  the  history  of  the  investigations  of  the  Antarctic 
underwater  relief  and  descriptions  of  the  large  mountain  sys¬ 
tems  and  basins  have  been  given  by  Herdman,  Wiseman  and  Ovey 
/252/.  A  bathymetric  survey  chart  of  the  Antarctic  has  been  com¬ 
posed  by  Kosack  /288/.  h*  also  made  an  analysis  and  appraisal 
of  all  sources  of  original  information  concerning  the  depths 
of  the  Antarctic  Ocean  /287/«  An  article  by  Fleming  /215/  la 
completely  dedicated  to  a  description  of  the  Antarctic  Ocean 
floor  relief.  More  detailed  descriptions  of  the  floor  relief 
of  individual  regions  of  the  Antarctic  are  contained  in  the 
flforka  of  I^clteroVj  Fleming  and  Nares  /4lf  216^  335/» 

In  the  light  of  the  latest  investigations  the  basic  fea¬ 
tures  of  the  Antarctic  Ocean  floor  relief  are  conspicuous  by 
the  junction  of  8everai*^arge  mountain  structures  which  divide 
the  ocean  into  three  large  basins.  The  Atlantic-Antarctic^ 


rldg*  •xtaiida  ik  «  latitudinal  dlraetloa  from  tha  ragloa  of 

Tristan  da  Cunha  isUiads  to  tha  raglon  of  tha  Orosat  Flataan 

and  bounds  from  tha  nsrth  tha  Atlantie-Indlan  Antarotie  basin* 

Tha  Kargualan^-Baussbarg  submarlna  range  extends  from  the  Kargtia- 

Ian  islands  toward  tha  Antarttie  continent  and  abuts  on  it  in 

thai  raii^ott  of  Drigal^skiy  island.  This  rldga  forms  the  aastam 

boundary  of  the  Atlantic-Indlan  Antarctic  basin.  Tha  Indian** 

Antarctic  ridge  extends  from  tha  raglon  lying  south  of  Austra* 

lia  toward  tha  Balia sL islands  and  bounds  on  tha  north  and  east 

the  "Saat-Indlan  Antarctic  basin*  finally,  the  Pacific^Antarotic 

basin  is  bounded  in  tha  west  and  north  by  tha  Pacifie-Antarctio 

submariha  ridge,  and  in  the  oast  by  tha  Southeast  Pacific  sub- 

Maccuaria 

marina  plateau*  lha  submarina  rldga  -Ballani,  axtanding 

from  the  southern  end  of  NaW  Zealand  toward  the  Antarctic  con¬ 
tinent  ih  the  region  of  the  Ballani  Islands  represents  a  large 
relief  shape  of  the  Antarctic  Ocean  floor*  Tha  only  daap-saa 
trendh  of  the  Antarctic  Ocean  —  the  South  Sandwich  —  is  con¬ 
nected  with  the  huge  island  arc  of  tha  Scott  ranf^  which  sup¬ 
ports  the  groups  of  islands  of  South  Georgia  and  South  Sandwich 
and  which  abuts  on  the  Antarctic  continent  in  tha  region  of 
Qraham  Land^  Tha  maxlmna  depth  of  tha  South  Sandwich  Trench  is 
8,264  m  /252/* 

r 

Tha  surface  structure  of  tha  continental  shelf  of  tha  An- 

tasetic  continent  is  wary  eomplicatadt  it  bears  traces  of  gla¬ 
cial  Talleys  and  ravines,  it  is  cowared  with  numerous  hills  and 
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mounds.  In  a  word  it  has  the  appearance  of  the  shelves  of  rs-  f  \ 
gionh  of.filhcial  covering.  In  some  places  the  submarine  border  ^  ^ 

.of  the  Aptarctic  continent  in  submerged  to  a  great  depth. 

Ending  this  survey  of  regional  investigations  we  must  note 
that  they  have  been  only  slightly  reflected  in  the  large  publi- 
,  shed  monographs  on  problems  of  marine  geology  and  geomorphology 
A9»  35«  W,  289,  35V.  aext  several  years  wUl 

probably  witness  the  publication  of  new  works  which  will  take 
.into  account  all  the  wealth  of  material  of  the  latest  invest!-  ) 

gations.  The  latest  data  are  sooner  illustrated  in  charts  and 
in  atlases  /3.  34,  68a,  130.  334,  442a/. 

.  The  development  of  concepts  of  the  submarine  relief  c^^® 
for  the  development  of  terminology  and  nomenclature  which  would 
correspond  to  the  new. data.  Thus,  for  example,  in  connection  with 
preparatory  work  on  the  ••Marine  Atlas"  a  special  annual  "Marine 
Navigational  and  Geographic  Terminology"  /68/  was  compiled  in  the 
USSR.  Much  work  in  this  direction  is  being  done  by  a  special  In- 
iternational  Committee  within  the  International  Geophysical  and  ^ 

Geodetic  union  /252.  269.  440,  441,  442/.  The  problem  of  a  gene¬ 
tic  classification  of  the  underwater  relief  /8l/  should  now  be 
:!  placed  on  a’  new  level. 


sr'^’  '.r.  ,  i/oi/ »i.>,tj;.i  v/JiU-.:<.' -;;r: 

yuadaiwntal  Probleae  of  Marine 

5o  « C  •' -U .-'.fj  V ■  { "•  ;  v'^ly^c-  i  it  yf>-  ,  u  a  Cf:  ;  .  •■•  ^  Lr. 't  , ;<a <■■  .'■  I ■-' i“. »•■■ 

Qa  omeirphology 


in.;-/cr 


:  v-n  .' 


;  e  P  s  jEttj  the  cpprae  of ^  regionr  ^  i^tioao , ,.  special  at^en* 

.,  ;  |ion  was  pald-j^^  problems  of  tfhC  v^reatest  genera;;^^  eignifleaaeo 
to  the  development  of  marine  geomorphology  as  a  science  of  the 
shape  and  origin,  of  t^^e  underwater  relief*  A  number  of  works 
of  a  general  nature  and  separate  survey  articles  have  been  de<- 
dicated  to  these  problems  and  published  in  recent  years  /19| 


.'h: 


s  \  v,  .* 


35,  ^3,  78,  79«  118,  289,  439/. 

The  list  of  the  most  interesting  general  problems  of  marine 
geo/Dorphology  quite  large#  It  includes  proDleas"  of  the  origin 
0‘f  such  iar'^' 'relief  shapes  as 'the  ocea^*  trenches 'ant  of''Xar^ 
sSikpea  which  dereiope'd'agEiihst'  thkir' background,  as  well  as  the 
^  hugVi^riety'^or^SmSll'^'ihape'i  ’ which  Wre  forced  ch' the  surface*  of 
the  largest  add  largest  'shapes.  The  opinions  on  the  process  of 
contemporary  roltef  formation  and  on  the  dynamics  of  the  under¬ 
water  relief'  are  of  ma^or; interest »  ' Problems  of  the*  history  of 
the  relief  are  i^leo;  extremely  interestingi  since  they  reflect  the 
P?:?^i  ®tagj98  theideyflppment-.of;^  th%  seasaand  oceans,  and  parti- 
®  9|. .  0  Si^ltrn^ry ^  age ,  with,  an  explfoatipn  pf .  the  ^  ef  f ec  t 

oceM  level  pn,  the  .  development 

part  of  the  epience  of  the  earth  —  is  the  problem  of  the  ott'igin 


of  the  continents  and  oceans*  Methods  of  marine  geomorphology 
might  contribute  much  to  the  solution  of  this  problem*  The  fol¬ 
lowing  problems  fall  within  marine  geomorphology:  the  causes  of 
the  formation  of  continental  rises  and  ocean  trenches,  the  di¬ 
rection  of  the  growth  process  of  these  largest  relief  shapes  of 
the  earth’s  surface,  their  age  and  stnietttrai  relationship,  which 
determine  the  nature  of  the  large  relief  shapes* 

New  data  on  the  structure  and  strength  of  the  earth’s  crust, 
obtained  by  grarimetric  and  seismic  research  /37,  6l»  133*  13^» 

155  ,  202  ,  232  ,  237  ,  258,  359,  ^l6,  ^29,  ^6/,  are  most  important 
for  an  understanding  of  the  present  state  of  the  problem  of  the 
causes  which  produced  the  continents  and  oceans*  In  the  light  of 
new  data  we  cannot  imagine  the  origin  of  the  continents  and  oceans 
otherwise  than  as  a  result  of  radical  and  profound  differences 
in  the  strength  and  structure  of  sections  of  the  earth's  crust* 
Continental  rises  correspond  to  regions  of  the  earth's  crust 
with  a  thick  granite-sedimentary  cover  averaging  35  Mm*  Ocean 
trenches  occur  over  regions  of  the  cx^st  without  a  granite  co¬ 
ver,  but  with  a  relatively  thin  basalt  cover,  averaging  5  k*, 
overlaid  with  a  stratum  of  unconsolidated  sediment  about  1  km 
thick*  Thus,  the  problem  of  the  origin  of  the  continents  and 
oceans  can  be  reduced  to  the  problem  of  the  origin  of  the  gra¬ 
nite  (sial)  layer  of  the  earth's  crust  which,  according  to  a 
majority  of  investigators,  was  formed  am  a  result  of  a  diffe- 
reniiation  of  the  earth's  Plutonic  substandh*  This  viewpoint 
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foiiows  fr6m^th«  'preseni  concept  of  tlie  struciruj'e'  of  the  'eayth** 
crustr«d  t8  a  deter'min^t  of  the  unifdrk'opitfioh‘’re'^ar^ 
causes  of  the  hrlgia  of’  continents  and  oceans  expressed  by  a  -aia- 
jority  of  authors  in  recent  yeUrs  /li,  12,'  13,'  14,  15, '115,  116, 

20Zy2GSi'm,  W;  30B/:  ^  '  -'I 

'"’  ‘^Another  important  question 'in  the  prebieai"’df  t^A-dfigih  6t 

cdntihehts  and  oceans  concerns  the 'dire^ct'idh  th  which 'the “deVe- 

lopmeht  oi*  'the  granite  layer  of 'the  earth *s  crust  proceeds. 

Amoni  the  variety  of  opinions 'Expressed  oh  this ''subject,  there 

are  two  basic  groups'  with  'tw6  vlhwj^ofhtsi  Actdrciihg  to  one,  the 

‘  devhiopment  of  the  sial  coVer  corresponhe '  to'^tfie^  leneral  dlreo- 

tlbh  6*f  the  ‘  earth *s‘ deveiopflientjp  oanifesteS  in“tbe  geheraily  ■■ 

■Irreversible  decrease  bf  the 'h!pta 'dl^  syhetllnai- regions,  and 

in  the  y dhetion "of  pihtfCrmh//ii77.  Here  Hhe  formation  of  the 

granite  layer  and  Cf  the  dbhtihehtai’^'riaes'  ie  prChented  as  a  ' 

_  ,  .  ,  ^  ^  g«o  ., 

^sUauaary  result  of  the  appearahce  and  develCpmeht  of  synclinal 

systems,  taigration  of  ioidings  and  volcahism,  and  of  a  ^adual 

trahsfortaation  of  geosyhciiMl  regidnh  ’ihtd  tectonic  'plat fb'rmh‘* 

/4d/;  This  viewpo'int'i  yth-certain'variUtldyV''^& 

a  hiimber  of'  authors  /17 ,  62 ,  63, '  ^5  ♦  '258 ,  27^ •  This  viewpoint 

■  is’  opposed  by  ’the'“coneept  whl'ch'  states*^  that  therV'  is  no  htrai^t 

"•■al'y'dtidh  ih'the  fbr'y  t’idh''b£^' the'^'gryit  'that  ' the^ 

eM8tenCe*of’''thV’‘cchtihlits'''itna'' oceans"  dbei”  ftW'lepehd’brf^ 

presence  of  gedsyneiinsis  ah'k  J>latfd’r'mh'^dh"the  Carth'^Ll,  i^i* 


posslbj^ty  no;t.  only  of  a  gradual  and  anecosslve  inoroano  of  tho 
y;9rakit«  XajBVt  Irat  alao  of  a  rareraa  prooaas  of  dialntagration 
wd  doatruction  of  ^^hla  layer  in  large  arena,  and  consequently, 
the  submersion  of  former  continents  and  the  emergence  of  nev 
oceans*  It  should  be  noted  that  a  partial  disintegration  and 
a  well*lmown  regression  from  the  general  straight  direction  of 
the  growth  of  the  granite  layer  la  admitted  eren  by  the  adhe¬ 
rents  of  the  first  viewpoint*  However,  the  size  of  such  regres¬ 
sions,  according  to  their  opinion,  should  be  insignificant,  and 
should  hot  encompass  large  areas  of .continents. 

, In  accordance  with  the  different  opinions  expressed  in  eon- 
nectiqn  with  the  direction  of  the  process  of  formation  of  the 
granite  layer,  there  are  also  concepts  of  the  age  of  the  osans, 
peculiar  to  each  different  group  of  authors*  Thus,  according  to 
the  concept  of  the  straight  direction  of  the  development  of  the 
granite  layer  of  .the  earth’s  crust,  ocean  trenches  are  old  for¬ 
mations  in  a  ma^ or  part  of  their  area,  and  their  surface  had 
never  been  land*  The  occasional  disintegration  of  the  granite 


layer  could  cause  the . submersion  only  of  some  borders  of  oceans 
/40,  6l,  202,  203/*  The  problem  of  the  age  of  ocean  trenches  is 
.differently,  solved  by  the  adherents  of  the  concept  of  the  disin¬ 


tegration  of  ,th^,^  gipanite  layer  in  ^rge  areas  of  the  earth  which 
be^pui  ^  the  Mesono^c*  Aecord:Uig  to  these  concepts,  all  ocean, 
trenches,  are  new^  f^r^tions /!U.,  12,  13i  1^»  15»  79A  ,  .  .  . 


.  In.  addition^. J^o  these  emtreme  viewpoints,  a  concept  has  been 


<or»»W<m,  .»l,<»ig.*ltk\ 
parts  of 

71|  11^ ♦  115»«  116,  49^ f  v*94/ fj'.It  .i»  .assviawd  that  the 
of  the  granita,  of  ,^he  ^eaisth  V^  ,or\wt  ,4^^ 
the  formation  of  secondary  o^eaips.^  , . ,  ,.r,^  -  ,r 

;  ;■  concepts  of  the  tectonics  , of  ,c,ontjlnii®nto  and  oceans  are 

an  .ii^portant  result  of  a  different  solution  of  the  problem  of 
the  direction  pf  their  ..deYelo^ment^JProa,^^^^^  position  of  the  ad- 
horej|ts  of  the  i^a  ,0  the 

j,  ocean  f IjOor  should  be  ,coneide.r,e.^  >he  reaalndjer  ,$4.® 
earth  crust  .which  was  neyer  subjected  to.  jan  .intense  folding  and 

,^4./.  .PjtoB  this  vie^fpoint -the  structures 
^4*  .49stihent8  and  oceans  .cannot  be.  the  sajns.;and  cannot  ..change 
®4.*  t^®  ^h  the  ,  other  hand «  the  concepts  of  the  ohan- 

,  .  ging  ..direction  of  developoent  brings  their  adherents  to  the.  con- 

.  ®A  .4he  structures  \of  the  ..continents , and  ■ 
oceans,  of  a  direct  extension  of,  the  continental  structures  into 
•AsM  ®uxd  ,.o,f  ^  _  developme,ntjr,on  th.e  oceau  'A®®!"*  ,of>the 

99??®.  tectonic  .^henoae, na  ,. 08  on  th«  continenta* 

,  .A9W®?*  hypsometric  .:i«yel  ./ll,;  :!,^,,  43,  14,  ,45,  77t 
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'  tbxdoubtedly 'play  an  important  ]part  in  its  solution*  A  compari¬ 
son  df  ths  structures  of  land  with  those  of  the  ocean  floor  is 
possible  thc-nks  to  the  peculiarities  of  the  development  of  the 
underwater  relief:  the  trani format ion  role  of  exogenous  proces¬ 
ses  under  conditions  of  a  w. ter  medium  is  not  so  great  as  to 
deprive  the  structures  of  the  bottom  of  the  seas  and  oceans  of 
‘surface  features.  An  analysis  of  small  relief  shapes  maJces  it 
simultaneously  possible  to  determine  the  direction  in  the  deve¬ 
lopment  of  large  shapes*  on  top  of  which  the  small  shapes  are 
located*  All  this  makes  it  possible  to  draw  conclusions  as  to 
the  existence  or  absence  of  unity  between  the  structure  of  land 
and  of  the  ocean  floor,  as  to  the  similarity  or  difference  in 
the  direction  of  their  development,  and  as  to  the  link  between 
some  land  structures  and  structures  concealed  under  viater* 

A  number  of  articles  published  in  recent  years  is  dedica¬ 
ted  to  the  problem  of  the  role  of  tectonic  movements  in  the  for¬ 
mation  of  the  relief  of  the  earth's  surface,  Including  the  un¬ 
derwater  relief  /72,  82,  83,  83a,  114,  115,  II6,  132,  133,  159 » 
258,  404,  445/*  Numerous  works  are  dedicated  to 'the  problem  of 
concrete  links  between  the  underwater  relief  of  some  sections 
of  the  oceans 'with  the  structures  of  the  abutting  land  /23,  36, 

38,  39,  69, ‘70,  80,  86,  90,  101,  103,  104,  108,  119,  1^2,  152, 
481,  182,  209,  215,  228,  231,  257,  260,  275,  336,  369/.  The  ba- 

cei'o  rssult.-!  of  a  majority 'of  the  above  works  consist  of  conclu¬ 
sions  as  to  the  extension  of  definite  land  Structures  into'  the 
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liaits  of  the  continental  shelf  and  continental  slope,  and  of  the 
association  of  some  shapes  of  the  ocean  floor  with  structures 
that  are  connected  with  land  structures.  In  recint  years  works 
also  appeared  which  are  dedicated  to  a  tectonic  interpretation  of 
the  submarine  relief  of  large  areas  of  the  open  ocean  that  are  in 
lesser  degree  associated  with  land  in  the  structural  sense  and 
which  posses  tectonic  features  on  a  very  large,  even  planetary 
scale  /174,  204,  257,  259,  285,  321,  322  ,  323  ,  326  ,  3'^9/.  There 
are  particularly  interesting  conclusions  regarding  the  existence 
of  linear  sones  of  tectonic  breaks  in  the  Pacific  Ocean  which  ex  - 
tend  over  immense  distances  to  the  borders  Of  the  North  American 
continent  /323/ ♦ 

Successful  development  of  the  concepts  of  the  tectonic  re« 
lief  of  the  floor  of  oceans  and  seas  was  determined  not  so  much 
by  advances  in  the  field  of  technique  and  method  of  investigation, 
as  by  the  general  sweep  of  work  during  the  postwar  years.  In  order 
to  have  an  idea  of  the  tectonics  of  the  floor  of  oceans  and  seas 
it  is  first  of  all  necessary  to  have  a  correct  idea  of  the  large 
relief  shapes  of  the  floor,  which  is  accomplished  on  the  whole  by 
a  dense  network  coverage  of  aquatoria  with  measurement  stops,  i.e. 
by  the  intensity  of  work. 

In  the  development  of  concepts  of  the  surface  relief -forming 
processes,  advances  in  technique  and  method  of  investigatio^p 
played  a  decisive  role}  it  was  the  foundation  of  all  achieve¬ 
ments  in  this  field.  Acutally,  in  order  to  judge  the  nature  of 


exogenous  relief- forming  processes,  first  of  all  data  are  re¬ 
quired  on  the  small  shapies  of  the  underwater  relief  --  they  be¬ 
came  accessible  on  a  sufficiently  large  scale  only  in  recent 
years,  th^mks  to  a  number  of  improvements  in  the  design  of  echo 

\ 

r 

sounders  and  in  the  method  of  their  operation,  which  were  aehti- 
oned  in  the  first  chapter  of  this  article. 

In  addition  to  works  dedicated  to  certain  general  problems 

of  contemnorarv  exogenous  relief  formation  on  the  bottom  of  the 

"  ■  ■,  > 

oceans  and  seas  /105,  108,  20C,  284,  386,  401/,  studies  have  al« 

appeared  with  reference  to  individual  relief-forming  processes. 

Works  by  the  following  authors  were  dedicated  to  problems  of  th< 
relief-forming  role  of  ocean  swells:  King  /28l/,  Kuenen  /295/» 

Ifenohar  /3I6/,  Menard  and  Boucot  /324/,  and  Dietz  and  Menard 

The  problem  of  the  relief-forming  role  of  bottom . streams 
which  had  been  very  inadequately  developed  in  previous  years, 
is  now  illustrated  in  numerous  articles,  based  on  materials  ^ 

i 

of  the  latest  investigations  /176a,  206,  270,  340,  3^5»  3^7»  /  Jj 

563/.  Most  of  these  articles  are  noteworthy  for  their  insis¬ 
tence  on  tho  important  relief-forming  role  of  bottom  streams, 
earlier  underestimated  due  to  the  lack  of  correct  concepts  of 
the  actual  speeds  of  bottom  movements  of  water  /ll8/» 

4 

The  problem  of  formation  of  the  microrelief  as  a  result 
of  the  activities  of  marine  animals  is  in  the  ar¬ 

ticle  by  Emery  /l89/,and  as  a  result  .of  the  movement  of  ice, 
in  the  article  by  Rex  /364, 
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The  problem  of  the  relief -forming  role  of  submarine  land¬ 
slides  which  had  been  getting  the  attention  of  invastif^ators  of 
the  ocean  floor  for  a  long  time,  has  been  developed  in  recent 
years  in  the  works  of  Kuenen  /296/»  Mitchell  /328/,  Shepard 
/39O/,  and  others.  Submarine  landslides  as  a  cause  of  turbidity 
currents,  constitute  a  concept  worthy  of  attention  /242,  2^3, 
289,  296/, 

The  consequences  of  a  submarine  earthquake  which  took  place 
in  the  Grand  Banks  area  in  1929,  were  the  subject  of  a  number  of 
investigations.  This  earthquake  produced  a  submarine  landslide 
which  was  accompanied  by  breaks  in  underwater  telegraph  cables. 
The  instants  of  the  breaks  which  were  recorded  with  considerable 
accuracy,  mv.de  it  possible  to  determine  the  data.  Is  of  the  deve¬ 
lopment  of  the  landslide  and  its  change  into  a  turbidity  cur¬ 
rent,  moving  over  the  surface  of  a  nearly  horizonteil  oc  .an  floor. 
This  current  possessed  such  a  large  power,  that  it  caused  brei^ks 
in  its  turn,  end  carried  then  over  great  distances  ii':to  open 
areas  of  the  ocean.  The  broken  cable  which  were  found  and  the 
nature  of  marine  deposits  in  the  area  over  which  the  current  had 

spread  --.all  tiiis  definitely  confirmed  earlier  acsu.mptions  of 

* 

the  nature  of  processes  which  take  place  during  the  movement  of 
turbidity  currents  /I?.-?,  19^,  200,  201,  500/,  It  vms  definitely 
established  tnat  turbidity  currents  were  capable  of  carrying  de¬ 
posit  material  of  relatively  great  t  licknesa  over  great  distan- 
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ces,  into  the  ran'  e  of  deep--.;ea  parts  of  oceans,  i'he  deposits  c 
the  turb’  ;it,v  currents  arc  char,  cterlzed  by  a  di;n.lni..scinv'  .,:r&ir. 


3126  along  the  vcrti.cal,  .vithiii  the  lieilts  of."  tho  jayor 
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ty  currents,  at  certain  stages  of  tneir  development,  are  cnpabl 
of  eroding  the  surface  of  sediment  layers  which  had  erlier  bee 
denocited,  and  then  to  smooth  the  unevenness  of  the  rrimarj''  re¬ 
lief,  filiinm  in  th-  de pressienr.  with  CTirrie-t  mat'': rial.  At  the 
rroE'j7it  time,  the  foris.ation  of  peculiar  va..LJ.eys  ;«i.th  main-strefuri 
benches,  deep--«ea  r-lains  and  flats  on  the  botto.'i'S  of  (ieep-nea 
trenepes,  as  well  as  sections  having  a  flat  surface  of  the  floo 
on  the  slopoc  of  underwater  mountnin  ran-ec,  are  associated  wit 
■he  s.cti'/it.lec-)  of  turbidity  currents  /l'^--,  1^5.  l'rO|  lf‘7.  ♦ 

2''-!h,  2V0,  2V‘;' ,  ;..95,  297,  IrB,  309,  32?,  428/. 

Ir  conn-ection  with  th-a  tirobiems  of  the  l-r>.test  hisi-ory  of 


tne  .-ofis  -ar.'.i  cce 


.'••ns,  tr;ere  is  much  ,i.nterest  in  th'  nev/  data  on 


tri-s  .stence ,  on  the  bot,to.'n  of  the  sea,  of  a  sunJ'.en  relic  CQ~ 
pstal  and  subreral  relief  /5b,  tb,  96,  103,  234,  333,  356,  337, 
362,  381,  410/,  The  cause  of  the  sub.'nrrsion  of  the  roli-sf  of 
tl'.is  type  to  it.s  present  depths  co:!.La  have  been  either  eu.sta- 
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ctu<r.d.ic/ny  of  the  level  of  the  ocean,  or  dif ferentiated 


tectonic  movements  /32,  34,  55,  72,  lo’d,  207/.  Q'he  pre.sorvation 
of  the  relic  relief  under  conditions  prevail in/r  on  the  ocean 
floor  is  considered  to  be  the  result  of  specific  circu;;’'.st:vnces 
of  fsedimentaticn  in  some  zones  /35,  .5.3,  56,  96/* 
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The  problem  of  fluctuations  of  the  level  of  the  oceans  gave 

rise  to  an  extremely  voluainous  literature*  However,  the  jjeoinor- 
pholo).::ica.l  side  of  tuis  phenomenon  has  thus  I'ar  not  been  studied 
with  sufficient  thorou,^hness.  A  number  of  articles  which  were  pub- 
>.  llshed  in  recent  years,  refer  to  the  question  of  the  role  of  eusta- 
tic  fluctuations  of  the  level  of  the  ocean  in  the  development  of 
the  relief  /19S,  20?,  215,  29^,  .3l8»  38A,  588,  391,  398,  Al&/, 

There  is  auite  a  lar/j:e  number  of  problems  associated  with  the 
problem  of  the  co  itinental  shelf*  These  problems  are  divided  into 
two  fundamental  .groups:  1)  the  origin  of  the  continental  shelf  as 
a  definite  geomornaological  surface,  and  2)  the  origin  of  the  re¬ 
lief  within  the  limits  of  the  continental  shelf.  The  origin  oi  the 
continental  shelf,  a  geoctorphoiogic.l  surface  of  conniderable  di¬ 
mensions,  in  believed  to  he  the  result  of  the  sinking  of  the  bor¬ 
ders  of  continents,  according  to  a  majority  of  authors  /19,  78, 

&1,  1x8,  289/*  Alongside  this  viewpoint,  opinions  are  also  exprer- 
sed  of  tho  need  to  separate  tv/o  different  surfaces  within  the  li¬ 
mits  of  the  continental  shelf  as  a  whole,  according  to  tho  nature 
of  the  relief:  the  coastal,  representing  a  surface  of  an  abrasl-ve- 
accumulating.  smoothening,  and  the  exterior,  preserving  the  charac¬ 
ter  of  the  subaeral  relief  of  the  continent's  borders  ii:  a  little- 
changed  shape  /b5,  lOS,  172,  17- a,  4oi,  455/.  The  format  on  of 
such  a  sizable  surface  of  an  abrasive-accumulating  smoothening 
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OS  the  coastal  section  of  the  continental  shelf  is  considered 
to  be  the  result  of  i:he  nii)“ration  of  the  zone  of  wave  activity 
-.uring  the  procer^  oi‘  the  rise  of  tho  ocean  Icvol  in  the  pest- 
glacial  period.  The  more  deeply  sunk  part  of  the  continent's 
boi'der  was  not  .'=>'.;!j^''ected  to  the  effect  of  t;\xs  migration  of 
the  ‘ivsve  zenSf  and  consequently  it  preserved  its  original  re.“ 

lief  in  s  lees  t."an:^;forr'!ed  ;hape» 

The  cenf i.-.ur:: tion  of  the  continental  shelf  and  some  pe- 
culi.-  rities  of  its  relief  as  a  whole  were  co.'^pared.  by  a  num¬ 
ber  of  atithors  with  the  peculiarities  of  the  tectonics  of  land. 
.'VS  a  result  of  tnic;  comparison,  a  correspondence  between  the 
basic  features  of  the  relief  of  the  shelf  and  the  structures 
of  the  land  was  observed  in  a  number  of  inst.ances  /ihl,  Iv?, 
13<.,  155,  502,  ?07,  569,  ^15,  The  c.iar.-^cter  of  the 

s-mall  relief  shanes,  noticeable  v/ituin  the  li/iiitc  of  the  shelf, 
as  well  as  the  origin  of  its  clearly  expressed  external  bor¬ 
der,  is  a&riocicited  with  the  peculiarities  of  the  abra.sive- 
accumulf)  tin.w  smoothening  during  the  process  of  the  rise  in 
the  level  01  the  ocean  /172,  175,  337*  ^00/.  The  relic  subae- 
rel  relief  of  the  onelf  has  been  cescribed  from  .'Material  of 
the  most  recent  operations  in  articles  by  Bruun  /145,  rtlliott, 
Kyars  and  Tressler  /lb?/,  Hurray  /333*.  Pratje  /356,  557,  and 
Stocks  /4l0/.  The  nature  of  present-day  sedimentation  within 
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the  limits  of  the  shelf  and  the  effect  of  this  process  on  the 
the  development  of  the  shelf  relief  is  the  subject  of  articles 
written  by  Price  /360/,  Stetson  /399,  ^02/,  Sutten  /37C/,  and 
Tricart  A23,  424/. 

In  recent  years  the  problem  of  the  continental  slope  has 
also  been  quite  logically  subdivided  into  two  groups;  1)  the  ori¬ 
gin  of  the  continental  slope  as  a  whole »  treated  as  the  transi¬ 
tional  zone  between  the  continent  and  the  ocean;  and  2)  the 
origin  of  relief  shapes  within  the  limits  of  this  transitional 
iione*  There  are  plans  to  change  from  the  earlier,  undoubtedly 
simplified  concepts  of  the  continental  slope  as  a  bench  separa¬ 
ting  the  continent  from  the  ocean  bed,  to  the  more  correct  con¬ 
cepts  based  on  materials  of  the  latest  investigations,  i,e.,  of 
the  continental  slope  as  a  complex  transitional  zone.  Many  author 
helieiie  that  the  relief  of  the  transitioral  zone  reflects  not 
only  the  hypsometric  differences  between  the  surfaces  of  con¬ 
tinents  and  the  ocean  bed,  but  also  tae  essence  of  the  geologi¬ 
cal  structure  of  the  transitional  zone  from  sectors  of  the  conti¬ 
nental  crust  to  oceanic  sectors,  which  differ  both  in  thickness 
and  in  structure  /4o,  72,  73»  115,  116,349/.  It  was  found  that 

r 

the  relief  of  the  continental  slope  is  much  more  complicated 
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than  it  was  earllar  assumsdf  and  that  instances  of  a  relatiTeljr 
simple  bench  are  rather  the  exception  than  the  rule  /V?2^  200, 
229,  274/*  It  has  also  been  proved  that  the  relief  of  the  con> 
tinental  slope  reflects  the  nature  of  the  tectonics  of  the  Ab-'t- 
ting  land  and  shows  a  connection  with  its  structure  to  a  greater 
degree  than  the  flattened  areas  of  the  continental  shelf  /103, 

192,  195,  307,  W, 

A  number  of  works  completed  in  recent  years,  are  dedicated 
to  the  exogenous  processes  of  the  relief  development  of  the  con¬ 
tinental  slope*  They  explain  the  peculiarities  of  relief  forma¬ 
tion  on  the  continental  slope,  which  consist  of  a  intensive  aeti- 

with  an.  important  ..role  .jilayed  by  land- 
sliped  and  turbidity  currents  /4,  103,  229,  274,  343,  390,  437/* 

The  problem  of  submarine  valleys  and  eanyonssis  closely 
associated  with  the  problems  of  continental  shelves  and  conti¬ 
nental  slopes*  A  great  deal  of  light  was  shed  on  this  problem  at 
one  time  in  connection  with  the  world-wide  discovery  of  submarine 
valleys  and  coanyons  A6,  44  ,  45  ,  46  ,  47  ,  48  ,  49,  50,  51*  52,  53» 
76,  118,  289/*  The  cause  of  this  increased  interest  in  problems 
of  the  origin  of  submarine  valleys  and  canyons  lay  in  the  circum¬ 
stance  that  the  hypotheses  of  their  erosive  origin  gave  rise  to 
the  assumption  of  grandiose  fluctuations  of  the  ocean  level  in 
very  recent  times,  and  made  it  possible  to  eiqplaln  a  ntxmber  of 
the  most  difficult  problems  of  paleogeography  in  the  light  of 
these  assumptions  /52,  53*  3&4,  388/*  Later,  however,  as  a 


result  of  more  careful,  detailed  and  responsible  investigations, 
it  was  found  that  the  erosive  appearance  applies  only  to  the 
very  topfflost  parts  of  submarine  valleys  and  canyons  /76,  341, 

385/.  It  became  clear  that  along  most  of  their  extent,  a  ma:iority 
of  canyons  and  valleys  do  not  possess  any  features  of  erosive 
valleys;  simultaneously  much  data  appeared  indicating  an  asso¬ 
ciation  of  the  valleys  and  canyons  with  the  tectonic  features  of 
the  abutting  land,  which  made  it  possible  to  detect  in  them  sha¬ 
pes  of  tectonic  origin  /43,  103,  104,  I56,  ■159»  164,  228,  251/* 
New  data  on  the  subject  of  the  relief -forming  role  of  submarine 
landslides  and  turbidity  currents  are  very  important  to  an  un¬ 
derstanding  of  the  naiure  of  submarine  valleys  and  canyons  /146, 
173,  177,  195,  201,  323,  344,  390/. 

Following  the  amassing  of  new  facts,  the  concepts  of  the  o- 
rigin  of  submarine  valleys  and  canyons  rapidly  changad,  becoming 
more  complete  and  complex.  The  initial  interest  in  the  hypothesis 
of  the  subaeral  origin  waned,  and  new  views  replaced  it.  The  at¬ 
tempts  to  provide  a  univeraal  explanation  of  all  features  of  the 
morphology  of  submarine  canyons  were  embodied  in  the  so-called 
Shepard  composite  hypothesis  /389/»  According  to  this  hypothesis, 
the  origin  of  submarine  canyons  is  associated  with  the  activity 
of  subaeral  river  erosion  and  turbidity  currents.  This  hypothe¬ 
sis  does  not  as  yet  permit  the  assumption  of  a  possible  existence 
of  canyons  of  different  origin  in  nature,  but  simultaneously  it 
states  that  different  parts  of  canyons  owe  their  origin  to  dif- 
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Iferent  processes.  Dividing  suboarine  canyons  into  three  basic 
parts,  Shepard  gives  the  following  explanaUon  of  their  origin. 

The  middle  or  sain  part  of  a  canyon,  the  nost  deeply  cut  and 
possessing  steep  rocky  slopes,  was  produced  by  subaeral  river 
erosion  in  a  relatively  remote  past,  when  the  region  of  the  pre-  , 

sent  continental  slope  still  consisted  of  an  above«water  edge 
of  the  continent,  not  as  yet  submerged  under  the  ocean  level, 
la  its  present  condition  this  part  of  a  canyon  is  saved  from 
being  buried  under  marine  sediment  thanks  to  the  action  of  sub-  j 

marine  landslides  and  tturbidity  currents  which  remove  the  sedi¬ 
ment  from  the  canyon.  The  upper  part  of  a  canyon,  bearing  narks 
of  recent  subaeral  development  was  produced  as  a  result  of  ri¬ 
ver  erosion  relatively  recently,  during  the  low  level  of  the 
oceans  in  the  Quaternary  Ages  of  glaciation.  The  lower  part  of 
a  canyon  was  produced  as  the  result  of  submarine  landslides  and 
turbidity  currents,  and  represents  either  a  landslide  fault  or 
a  canal  of  a  turbidity  current  dug  in  the  porous  layer  of  marine  ^ 

sedimentation,  forming  Bn  alluvial  train  or  fan  at  the  foot  of  ^ 

the  continental  slope. 

Unlike  the  Shepard  hypothesis,  the  new  Kuenen  hypothesis 
/292/  takes  into  account  the  possibility  of  the  formation  of 

j 

two  different  types  of  submarine  canyons  which  differ  by  their 
morpholdgieal  features.  The  first  type  of  canyon  which  Kuenen 

,  ,1'  r  ■  _  ■  ■  ;  .  •  .  t  •  1  ■  '  ■ 

calls  the  Corsican,  represents  erosive  river  valleys  flooded 
ftB  a  result  of  s  considerable  slnklnip  of  the  land*  The  second 
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type  of  canyon  is  produced  as  a  result  of  the  active  erosion  of 
rocks  of  the  continentai  slope  by  turhi^ty  currents.  Xuenea 
calls  this  type  the  New  England  canyon.  According  to  Kuenan, 
the  most  typical  examples  of  the  two  types  of  Canyon  are  those 
off  the  shores  of  Corsica  and  close  to  the  shorSs  of  New  Eng¬ 
land  (North  America),  respectively.  ICuenen,  however,  ^oes  not 
mention  the  possibility  of  an  even  greater  Variety  of  types  of 
canyons  and  the  possible  causes  of  their  formation^  For  this 
reason  we  believe  that  the  opinions  of  Cotton  constitute  a  for¬ 
ward  step:  he  thinks  that  it  is  possible  to  speak  of  different 
types  of  canyons  and  to  assume  several  possible  causes  of  their 
origin,  depending  on  local  conditions  and  on  the  history  of  the 
development  of  the  continental  slope  /160/ ,  Cotton  pays  special 

attention  to  the  undoubtedly  wide  distribution  of  canyons  of 

*> 

tectonic  origin,  similar  to  the  canyons  off  the  shores  of  New 
Zealand • 

There  is  a  sufficient  amount  of  data  available  at  this  time 
to  cease  thinking  of  submarine  canyons  and  valleys  as  structures 
of  a  eompietely  identical  morphology.  On  the  eoni'rary,  judging 
by  factual  ibaterial,  the  morphology  of  submarine  canyons  and  val- 
leys  substantially  differs,  and  they  possess  specific  local  fea- 
tures  in  different  regions  of  the  oceans.  It  is  therefore  natural 

ri -'i  O'V’  l-v  '  i'.-t  i; ’'r";  ■ 

to  assume  that  the  causes  of  the  formation  of  submarine  valleys 
and  canyons  eould  have  been  different  in  different  regions,  just 
as  the  geologioal  history  of  various  sectors  of 


differs  in  mnny  regions.  Along  with  this,  the  most  concrete  fac¬ 
tors  in  the  formation  of  submarine  canyons  under  different  con¬ 
ditions  are;  tectonic  dislocations,  subaeral  erosion  with  sub- 

f 

sequent  submersion  of  river  valleys  both  as  a  result  of  diffe¬ 
rentiated  tectonic  movements,  as  well  as  eustatic  elevation  of 
the  ocean  leyel,  subnarine  denudation  and  erosion  by  submarine 
landslides  and  turbidity  currents.  The  fact  that  submarine  val¬ 
leys  and  canyons  have  preserved  a  clear  morphological  appearance 
seems  to  us  to  be  associated  with  a  more  common  process  to  all 
of  them:  erosion  due  to  bottom  streams,  landslides  and  turbidity 
currents,  btfferent  combinations  of  all  these  causes  and  deve¬ 
lopment  factors,  which  depend  on  local  conditions  and  on  the 
geological  history  of  each  specific  region,  produced  this  va¬ 
riety  of  shapes  and  types  of  submarine  valleys  and  canyons  which 
we  observe  at  the  present  time. 

There  is  quite  a  large  number  of  questions  associated  with 
the  problem  of  huge  mountain  structures,  island  chains  which  are 
often  referred  to  as  island  arcs,  and  deep-sea  trenches  attached 
to  them.  The  importance  of  the  problem  also  reaches  beyond  the 
scope  of  o^rine  geomorphology,  just  as  tnat  of  the  problem  of 
continents  ‘and  oceans,  ^'he  problem  here  mentioned  is  part  of  the 
group  of  the  greatest  problems  of  modern  geology,  since  it  points 
the  way  to  the^ solution  of  a  number  of  important  theoretical 
questions  of  this  science  /25,  26,  27,  28,  11?/.  However,  the 
data  of  marine  geomorphological  studies  are  probably  even  of 


/gr«at*r  jjaportane*  to  the  deTelopnent  of  the  problea  of  island 
chains  and  deep-sea  trenches* 

The  study  of  the  submarine  relief  of  Island  chains  and 
deep-sea  trenches  was  limited  by  the  technical  possibilities 
of  deep-sea  Investigations  for  £>  long  timoi  by  thanks  to  the 
improvement  of  echo  sounders  and  of  their  operationt  it  has 
made  great  forward  strides  in  recent  years*  Considerable  contri¬ 
butions  toward  an  understanding  of  the  morphology  of  deep-sea 
trenches  and  Island  chains  were  made  by  the  above  mentioned 
works  of  Soviet  expeditions  la  the  "Vityan'j*  by  the  foreign 
expeditions  on  the  "Cblathea'*  and  ''Challenger* "  and  by  the  expe¬ 
ditions  of  the  Scrlpps  Institute  and  Woods  Hole  Institution* 

In  recent  years  there  has  been  a  continuously  growing  interest 
in  the  study  of  island  chains*  and  scientists  of  many  nations 
have  been  concentrating  on  the  study  of  this  interesting  sub¬ 
ject  A,  6*  8*  28*  29*  98,  100*  101*  104,  106,  144,  l45a,  153, 
199,  200,  210*  226,  228,  231,  24l*  266*  275,  277*  280*  285, 

286,  330*  331,  332,  345,  355,  36l,  443/* 

Material  on  the  morphology  of  mountain  structures  of  is¬ 
land  chains  and  of  deep-sea  trenches  attached  to  them  makes  it 
possible  to  speak  of  them  as  very  peculiar  morphological  comple¬ 
xes.  The  term  "Island  area"  which  is  frequently  applied  to  them 

r 

is  not  quite  correct:  a  raihbsw-shaped  form  in  not  quite  indi¬ 
cative  of  them*  and  in  a  number  of  eases  it  is  not  even  appli¬ 
cable*  In  our  opinion*  '(ke  indicator  is  precisely  the  jtuetion 
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of  two  largo  shapoo  in  a  single  complex t  the  aonAtain  structure  \ 
of  the  island  ehain  and  the  deep-sea  trench.  There  Is  an  additi¬ 
onal  important  ciroumstanee:  in  most  eases  this  morphological 
complex  is  part  of  an  intermediate  zone  between  the  continent 

■  .  I 

and  the  ocean.  It  is  also  necessary  to  point  out  that  there  are  > 
such  typical  features  of  morphological  peculiarities  as  the  eon-  ; 
nection  of  roleanio  structure  with  the  internal  ridges  in  the 
case  of  doable  chains*  The  slopes  of  motmtain  ridges  of  island 
chains  and  of  deep-sea  trenches  are  eery  steep  and  they  are  made 
even  more  complicated  by  steeper  benches  and  gentle  steps  which 
separate  them.  There  is  a  very  characteristic  complex  division 
of  mountain  slopes  of  the  island  chains  and  deep-sea  trenches  by 
submarine  valleys  and  canyons.  It  is  interesting  that  the  nature 
of  the  divide  is  different  on  the  continental  than  on  the  ocean 
side*  In  every  case  the  trench  bottom  is  a  narrow  strip  of  a 
flat  plain  produced  as  a  result  of  the  accumulation  of  sedimen¬ 
tary  deposits* 

Much  data  available  at  the  present  time  Indici^^te  a  close  as- 
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sociation  of  Island  chains  and  deep-sea  trenches  with  the  depth 
structure  of  the  earth's  crust  /60.  117/*  There  is  ample  reason 
to  speak  of  these  morphological  complexes  as  reflections  of  the 
structure  of  the  earth's  crust  characterizing  the  intermediate 
zone  which  are  caused  by  the  development  of  deep  fissures  /83| 
83a,  132,  133,  134.  135/. 

A  number  of  signs  which  are  representative  of  geologidal 


eo^ditloas  in  deeponea  trenchas  and  Island  obains,  aaka  it  pon-,| 
sibld  to  regard  them  as  present-day  synclinal  sones  A,  5,  9,  \ 

22,  27,  67,  101,  117/#  Soma  authors  believe  that  present  island 
chains  and  deep-sea  trenches  are  direct  analogies  of  geosynclliial 
zones  of  the  past  and  represent  a  definite  stage  in  the  develop¬ 
ment  of  the  earth's  crust  A2/ 

The  problem  of  the  greatest  depths  of  the  oceans  is  actual¬ 
ly  quite  different  from  the  above-mentioned  fundamental  problems 
of  marine  geomorphology:  it  is  not  associated  with  the  origin  of 
kind  kind  pf  shape  or  another,  but  with  the  purely  morphographio 
features  of  the  ocean  floor*  This  problem,  however,  ie  also  in¬ 
teresting  in  connection  with  the  problems  of  the  origin  of  sub¬ 
marine  relief,  since,  in  final  analysis,  it  makes  it  ppssible  to 
approach  the  idea  of  the  general  extent  of  fluctuations  of  the 
earth's  surface.  Magnification  of  the  power  of  echo  sounders  and 
improvement  of  the  method  of  depth  measurement  have  made  it  pos¬ 
sible  in  recent  years  to  revise  some  maximum  depths  of  the  ocean 
(trenches),  to  correct  them,  and  to  discover  new  and  heretofore 
unknown  depths  /111,  259,  405.  407,  449,  450/.  At  the  present 
time  the  greatest  ocean  depth  in  the  world  is  the  depth  of  the 
Marianas  Trench:  11,054  m  /153,  226/.  This  is  also  the  greatest 
depth  of  the  Northern  Hemisphere,  while  the  greatest  depth  of  the 

I 

Southern  Hemisphere  lies  in  the  Tonga  Trench:  10,882  m  /210, 

212/,  as  indicated  above.  It  should  be  noted  that  both  depths 
are  in  the  Pacific  Ocean.  The  greatest  depth  In  the  Atlantic 
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Ocean  la  9,199  *»  according  to  Lyman,  and  it  ie  located  in  the  | 
Puerto  Rico  Trench  /312/.  The  most  reliable  sources,  howeTsr, 
indicate  that  the  maximum  depth  in  the  deep-sea  jSrench  of  Puer¬ 
to  Rico  ie  only  8,381  m  /199,  3^5/.  The  greatest  depth  in  the 
Indian  Ocean  is  in  the  Java  Trench  and  equals  7, '♦SO  m  /280/. 

It  is  possible  that  the  amplitude  of  the  greatest  cave-ln  of 
the  earth’s  cruet  is  approximately  equal  in  all  deep-eea  tren¬ 
ches  of  the  oceans.  Thia  is  indicated  by  the  striking  simila¬ 
rity  of  the  depths  of  the  deepest  trenches.  The  differences  in 
the  depths  of  some  trenches  can  be  explained  either  by  varia¬ 
tions  in  the  stages  of  cave-ins  or  by  differences  in  the  thick¬ 
ness  of  the  sediment  layer  which  accumulated  at  the  bottom  of 
the  trenches  to  the  present  time.  Data  of  geophysical  investi¬ 
gations  indicate  essential  differences  in  the  thickness  *of 
porous  marine  deposits  which  accumuleted  ay  the  bottom  of  the 
trenches  /36l,  39 3e/* 

Widely  dietruhuted  isolated  underwater  m.  t  ■’r"  fi."*  r 

covered  on  the  ocean  floor  in  recent  years.  The  discoveries 
caused  the  appearance  of  a  number  of  works  concerning  their 
origin  and  role  in  the  ocean  floor  relief.  In  some  instances 
the  investigation  of  the  floor  relief  on  underwater  mountaina 
makes  it  possible  to  regard  them  as  large  block  rises  /238, 

285,  350,'  438/,  In  other  cases,  which  constitute  a  majority, 
investi^tions  indicate  that  underwater  mountains  possess  4he 
shape  of  a  regular  cone  or  frustum  which  wore  formed  as  a  re- 
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suit  of^'iubmarine  voliibnisik*  Investigation  of ^  speelmensipfvoruat 
rocks  an^  gravis© trie  tests  also  give  reason  to  speak  of  a  vol¬ 
canic  origin  of  submarine  mountains,  and  this  concept  has  reoen- 
tl/'ToUnd' wide  endorseiiient  /575  190a,  245,.  ?.4?,  301, 

441,  4J^8/.  Paleontoloeical-  investigations  of  coral 
•'ftragmeWs  and'  foraminifera  collected  on-  the  tops  of  soae  under- 
Vater  rtbWVotns  in  the  Pacific  and  Atlantic  Ocean  make  It  pos- 
rnxile  - to  rbfer  the- -time  of  the-  formation  of.  these,  mountains  to 
the  'C:^^Wceo’tts  pertcfa/X7^*'  200,  239/i  .  >  i- 

'  ■  '  Stiidents  of  the  underwater  relief  are  very  interested  in 
riFbyie’MS 'b^  Of- -deep-sea  plains  and -small  relief. .-sha- 

the  deean  floor. Mriie  causa  of  this  interest  lies  in  the 
fset  th&t  the  formation  of  these  shapes  cannot  be  explained  in 
of  the  earlier  concepts  of  exogenous  processes  of  re- 
iief^deVftibpmsnt  at  great  depths.  The  discovery  of  these  shapes 
giva  rlae^to  the  development  of  concepts  of  the  existence  of  po- 
'‘serfui-  exogenous- factors  of  relief  formation  which  had  not  . been 
taken  into  coaslde-ration' before.  One  of  these  factors  appears  to 
be  the  turbidity  currents  whose  existence  is  clearly  proved  in 

the  Atlantic  Ocean  and  in  the  Eastern  Pacific.  However,  the  ac- 

> 

tion  of  turbidity  currents  cannot  serve  as  an  explam-tion  of  the 

r 

origin  of  some  deep-sea  plains  in  the  w’estern  Pacific  Ocean  which 
are  separated  from  the  zone  of  the  continental  slope  by  a  deep 
ditch  —  a  chain  of  deep-sea  trenches.  Consequently,  next  to  be 
considered  is  the  problem  of  explaining  the  role  of  other  exo- 


genoua  factors  in  the  development  of  these  deep-sea  plains, 
possibly  Ghettos  streams  or  intra-stratum  dislocations  of  se¬ 
dimentation  substances.  Much  remains  to  .be  explaii^ed  in  the. 
problem  of  the  origin  of  small  relief  shapes  of  the  hill  or 
hillock  type,  as  well  as  trenches  and  valleys  on  the  floor  sur¬ 
face  of  thb  Pacific  Ocean.  For  the  time  being,  it  seems  most 
probable  that  the  origin  of  these  relief  shapes  is  associated 
with  volcanism  and  the  result  of  tectonic  dislocations.  However, 
a  completely  definite  solution  of  this  problem  can  only  bo  ob¬ 
tained  as  a  result  of  deep-probing  investigations  resulting 
from  e  detailed  study  of  the  ocean  floor  relief  aided  by  geo¬ 
physical  observations,  and  primarily  by  experimental  soiamology 
methods  which  would  bring  to  light  an  association  of  the  shapes 
of  the  ocean  floor  relief  with  structures. 

The  use  of  new  devices  and  methods  of  investigation  and 
the  extraordinary  sweep  of  studies  of  the  ocean  floor  relief 
during  the  course  of  the  International  Geophysical  fear  open  up 
great  prospects  and  avenues  of  new  achievements  in  gaining  know¬ 
ledge  of  the  submarine  ocean  relief. 


‘if:  t J  t\ 
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SEISMIC  INVESTIGATIONS  IN  THE  SEAS  AND  OCEANS 

(A  Survey) 

by  Iu«  P«  Neprochnov 

Marine  Seismic  Investigations  Ibroad 

United  States  of  America*  Marine  seismic  work  was  begun  in 
the  United  States  in  1935  by  the  Woods  Hole  Odeanbgraphic  Insti¬ 
tution  under  the  direction  of  M.  Swing*  Systematic  geophysical 
investigations  starting  with  observations  of  the  coastal  re¬ 
gions  of  the  Atlantic  Ocean  south  of  Aoods  Hole  and  east  of 
Caps  H^nry.  In  this  preliminary  work  /21/,  refracted  and  ref¬ 
lected  waves  were  received  by  soismofjraphs  (geophones)  which 
were  lowered  to  the  bottom  from  an  anchored  ship*  In  work  by 
the  method  of  refracted  waves  explosions  on  the  oee^  floor  were 
set  off  from  a  small  whaleboat  which  sailed  away  from  the  re¬ 
cording  ship’  to  s'  distance  of  up  to  8  miles*  In  order  to  eli¬ 
minate  accidental  Interference,  reception  was  usually  simulta¬ 
neously  taken  by  two  geophones,  lowered  from  different  decks* 

■  A  third  gebphbne  was  used  to  record  the  direct  ways  passing  from 
the  explosion’ through  the  water*  The  distance  to  the  point  of 


the  explosion  was  calculated  by  the  time  of  the  reception  of 
this  wave.  Finally,  for  the  purpose  of  recording  the  water  wave, 
a  pressxire  receiver  or  hydrophone  was  used.  In  work  by  the  me¬ 
thod  of  reflected  -faves,  the  recording  was  made  on  three  geo- 
phones,  lowered  to  the  bottom  from  the  bow,  aidsection,  and 
stern  of  the  ship.  The  authors  point  out  tnat  this  motnod  was 

used  in  regions  up  to  l80  m  deep. 

Tliia  work  was  continued  in  1936  /25/ $  and  seismic  investi¬ 
gations  by  this  method  were  conducted  in  many  shallow  regions 
(depths  from  l8  to  36  m):  in  Chesapeake  Bay,  Jacksonville  near 
Florida,  the  Virgin  Islands,  Barbados,  and  in  the  Orinoco  Del¬ 
ta  /2V»  The  most  valuable  results  were  obtained  by  the  refrac¬ 
ted  wave  method.  The  thickness  of  the  crystallic  covering  of 
the  foundation  was  determined  in  all  locations.  The  data  _of  the 
reflected  wave  method,  due  to  difficulties  of  correlation  (ob¬ 
servation  points  were  located  at  distances  of  several  miles  from 
each  other)  basically  served  as  supplementary  material. 

Simultaneously  with  the  work  in  shallow  regions,  experi¬ 
ments  were  conducted  at  great  depths  of  the  Atlantic  Ocean,  In 
the  initial  variant,  a  cable  was  lowered  from  the  sh.p  to  the 
bottom,  and  attached  to  it  was  a  four-channel  oscillograph  and 
four  seismographs  at  distances  of  120  m  from  each  other,  and 
then  three  bombs  were  placed  every  300  m  /22/ •  This  equipment 
was  very  bulky  and  frequently  went  out  of  order  due  to  mecha¬ 
nical  defects.  Therefore,  it  was  subsequently  replaced  v/ith 
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Jfloatiag  aqulpaeat  /a2,  24/.  'Sh^  recordiag  apparatus  (seismic 
racftiver  and  oscillograph)  was  placed  ia  a  hermetically  sealed 
bovtslag  and  was  lowered  to  the  bettors  together  with  a  gasoil oe** 
filled  tanJe  and  ballast*  Bxproelons  were  also  set  off  on  the 
—  bottom*  After  recording  the  eaipiosidhy  a  special  desriee  would 


uncouple  the  ballast,  and  the  apparatus  floated  to  the  surface* 
Special  methods  were  developed  of  calculating  the  instant  of 
deteca'^on  and  the  distance  from  the  place  of  the  explosion  to 
the  receivers  by  the  entrance  of ' tho  direct  water  wave  and  by 
re flections  from  the  surface  and  bottom  of  the  ocean  /lO/* 
World  War  11  Interrupted  the  seismic  investigations  at 


this  stage.  However, 


in  spit*  of  the  fact  that  the  activities 


during  those  years  wore  primarily  for  a" military  purpose,  du¬ 
ring  their  course  mi»ch  important  material  for  seismies  was  ob¬ 
tained:  good  knowledge  was  gained  of  phenomena  which  took  place 


during  underwater  explosions,  and  of  the  laws  governing  the  pro¬ 
pagation  of  sound  waves  in  the  mater i  One  of  the  most  important 
achievements  was  the  discovery  of  the  posaible  use  of  pressure 


receivers  —  hydrophones  /$!/  in  marine  seismic  work. 

By  1946 , hydrophones  were  succesAfully  used  as  seismic  re¬ 
ceivers  in  work  by  the  refractasii  Wave  method  in  Bikini  Atoll 

t 

/l^,  19/*  A  method  of  shooting  through  was  used,  wi^h  fixed  re¬ 


ceivers  at  the  ‘end's  Vf  long  liiss,^4ith  tke  explosion  point 
ibetween  them  beihg  Chsn'gedi  ‘Ah  additional  hydrophone  was 


'.  ’f  ' 
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used  to  recetv®  the  direct  wave  proceeding  from  the  explosion 
in  water,  it  was  sensitive  for  frequencies  of  50  to  1,000  cps, 
while  at  that  time  most  hydx'ophones  were  working  at  frequen¬ 
cies  between  1  and  200  cps.  In  these  investigations  the  hydro-  _ 
phones  were  placed  on  the  bottom. 

Seismic  investigations  were  revived  in  the  Atlantic  Ocean 
during  the  uostwar  years.  In  19^6  to  19^7,  the  Woods  Hole  Ocea¬ 
nographic  Institution  together  with  the  Geological  department 
of  Columbia  University  conducted  wide  investigations  by  the 
reflected  wave,  method  between  New  York,  the  flt.rmuda  Islands, 
Puerto  Rico,  the  Greater  Antilles,  the  Bahamas  and  the  east 
coast  of  the  United  States  /7,  32,  32a/.  All  observations  were 
made  from  one  ship.  Serving  as  a  receiver  was  a  hydrophone  with 
a  Seignette’s  salt  crystal  whose  outlet  was  fed  into  an  ampli¬ 
fier  through  a  graduated  separator  and  an  octave  band  filter. 
The  amplifier  had  a  horizontal  performance  at  frequencies  from 
100  to  5,000  cps.  The  recording  was  made  by  photography  from 
an  electronic  oscillograph.  The  hydrophone  was  lowered  to  a 
depth, of  50  to  300,  m,  but  lesser  deptns  were  preferred  because 
then  the  recording  was  less  co.uplicated.  In  the  first  stage  of 
work  explosions  were  set  off  at  depths  from  30  to  100  m,  and 
then  at  depths,  from  0,5  to  .1.0  m,  Usually  ,  at  each  station  se¬ 
veral  explosions  were  recorded  at.  different  positions  of  the 
joctave  filter.  Satisfactory  recordings  were  obtained  within 
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J”  the  frequency  range  of  150  to  300  cps,  and  good  recordxnga 
at  a  frequency  of  75  cps  Here  only  obtained  toward  the  end. 

In  addition  to  depth  reflections,  recordin;js  v/ere  made  of  a 
series  of  rei'lectiona  from  the  surface  and  bottom  of  the  ocean. 
Separation  of  useful  reflected  waves  was  mainly  obtained  by 
frequency  peculiarities;  they  were  recorded  at  relatively  low 
frequencies  in  comparison  with  waves  which  had  many  reflections 
in  the  layer  of  water.  'Ihe  basic  reflecting  level  was  traced 
tc  a  dispth  of  aobut  200  m  below  the  ocean  floor. 

In  1948  work  was  resumed  by  the  refracted  wave  method  in 
the  submerged  Atlantic  coast  plain  in  the  region  of  the  conti¬ 
nental  shelf  and  continental  slope  /l6,  25/ «  with  simultaneous 
investiK;ations  in  the  deep-sea  trench  of  the  Atlantic  Ocean 
/26,  30/.  The  work  was  conducted  by  the  Woods  Hole  Oceanogra¬ 
phic  Institution  and  by  the  Lament  Geological  Observatory  of 
Columbia  University.  With  regard  to  method,  these  investiga¬ 
tions  Can  be  divided  into  two  directions,  principally  deter¬ 
mined  by  the  ocean  depth . 

In  coastal  regionsl,  up  to  depths  of  100  to  150  m,  where 
ships  can  ’stay  at  anchor,  seismic  receivers  are  lowered  to 
the  bottom.  The  usual  seismographs  (geophones)  as  well  as 
hydrophones  were  used  as  seismic  receivers  /25.  48/.  Seismic 
receivers  were  cChnected  with  the  ihnuts' of  several  amplifiers 
Jjwith  different  filters V  For  the  reception  of  refracted  waves  — t 


amplifiers  were  commonly  used  which  were  sensitive  to  frequen¬ 
cies  of  2  to  120  csp?  ocean  waves  -.ere  received  on  high-frequen¬ 
cy  filtration.  Tha  recording  ship  remained  stationary  during  the 
work-i  and  explosions  were  set  off  at  definite  intervals  on  lines. 
The  charges  were  placed  on  the  bottom  usually,  or  at  lesser 
depthsf  when  the  cable  was  too  snort.  In  the  latter  case  the 
depth  of  the  explosion  was  determined  by  the  pulsation  period  of 
a  gas  bubble.  The  instant  of  the  explosion  was  communicated  to 
the  recording  ship  by  rauio.  '.Vhen  explosions  were  set  off  from 
whaleboats,  the  lan/pth  of  lines  was  not  more  than  7  to  10  miles 
for  the  sake  of  safety.  K^poe±tml  hodographs  of  refracted  waves 
were  obtained  on  all  lines,  which  ensured  identical  interpreta¬ 
tion.  The  accuracy  of  the  work  corresponded  to  the  reconnaissance 
survey.  In  this  manner  profiles  were  processed,  overlapping  along 
three  lines  of  the  continental  shelf  off  Cape  May,  New  York  and 
V/oods  Hole  /25/,  eleven  profiles  in  the  Long  Island  region  /48/ , 
and  two  mutually  perpendicular  profiles  near  Ambrose  lightship 
/15/.  As  a  result  of  this  work,  a  determination  was  r  'e  of  the 
occurrence  of  the  depth  of  the  crystal  foundation  covering,  and 
the  sediment  layer  was  divided  into  two  staata,  called  the  "un¬ 
consolidated"’  and  "semiconsolidated"  deppsits. 

The  shortcomings  of  the  above-described  metnods  (few  opera¬ 
tions,  limited  length  of  profiles,  etc.),  stimulated  the  appli¬ 
cation  of  more  convenient  methods  of  seismic  investigations  in 
the  relatively  shallow  regions  of  the  continental  shelf,  such 
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aa  had  been  deTeloped  for  daop-aaa  ragiona.  Thus,  in  1950  to 
1951,  p:pofil08  were  investigated  along  two  lines  near  the  Gulf 
of  Maine  /20/»  several  profiles  south  of  Nova  Scotia  from  the 
coast  to  the  deep-sea  trench  /46/,  and  seven  reconaai5isar.c.<-  i-:?— 
files  in  the  Grand  Banks  regions  /ll/.  Along  all  these  profiles 
det.ern^i&ntions  were  made  of  sedimentary  rocks'  thickness  and  of 
the  speed  pfe«iamic  wave  propagation  in  deposits  and  in  the 
crystalline  foundation* 

A  detailed  description  of  the  method  of. deep-sea  seismic 
investigations  by  the  refracted  wave  method  in  the  Atlantic 
Ocean  .was.  given  in  several  works  /26,  33*  47/*  In  the  study  of 
the  submarine  geology  of  the  Bermuda  Islands  region  in  1950  to 
1951,  two  oceanographic  ships  were  used,  the  "Atlantis"  and  the 
"Karin,"  0^  which  were  equipped  with  two  hydrophones  with 

two  separate  amplifying  systems*  At  each  point  the  recording  was 
simultaneously  conducted  on  two  hydrophones  for  a  more  reliable 
separation  of  useful  waves*  Each  hydrophoxe  consisted  of  two 
Sei^ette's  salt  crystals  connected  into  a  battery  and  mounted 
together  with,  a  preamplifier  to  coordinate  the  crystals  with  the 
hydrophone  cable*  On  the  first  voyage  the  "Atlantis"  had  a  four- 
channel  amplifying  system*  The  first  channel,  adjusted  to  a  fre¬ 
quency  of..  3,000  cps  was  set  to  receive  the  direct  water  wave  and 
reflections  from  the  bottom.  The  second  channel  had  a  v/ide-band 
amplifier;  the  third  admitted  frequencies  below  100  cps,  and 
the  fourth,—,  above  20  cps*  The  "Karin"  had  reception  on  two- 


.«haim«l  Mplifying  systems .  Each  channel  had  a  fonr-cnscade  ' 
anpllfler  with  an  aspliftcation  of  12  decibels  per  cascade* 

The  filter  of  the  first  channel  was  tuned  to  frequencies  of 
to  100  cps,  and  of  the  second  to  freqincies  from  1,200  to 
8.000  cps.  On  the  second  voyage  the  '’Atlantis”  worked  on  a  high- 
frequency  channel  and  on  a  channel  admitting  frequencies  below 
30  cps.  Each  hydrophone  on  the  ’’Karin"  was  connected  with  a 
three-channel  amplifying  system.  The  first  channel  had  an  ad- 
misaion  band  of  2  to  100  ops,  the  second  amplified  frequencies 
from  20  to  500  cps,  and  the  third  frequencies  from  1,000  to 
15,000  cps*  The  inveetigaters  report  that  the  recordings  on 

the  second  voyage  were  much  better. 

Tae  ships  worked  on  the  profile  as  follows.  One  of  then, 
for  example,  the  "Atlantis,"  would  start  drifting  and  run  out 
the  hydrophones,  and  the  "Karin"  moved  away,  setting  off  explo¬ 
sions  at  5  to  15  minute  intervals,  and  at  greater  distances 
within  50  to  60  minutes.  The  profile  length  was  usually  20  to 
60  miles  depending  on  the  recording  conditions  and  the  amount 
of  available  explosives*  The  sine  of  the  charges  varied  from  1 
to  10  potmds  of  tetirl  fo**  nearby  explosions  and  from  50  to  300 
pounds  for  more  distant  explosions.  Before  the  explosions  the 
receiving  ship  would  be  alerted,  so  that  the  hydrophones  could 
be  lowered  into  the  range  of  refracted  wave  action  (the  exact 
depth  of  submersion  of  the  hydrophones  is  not  indicated  in  the 
article).  Reaching  the  end  of  the  profile,  the  "Karin"  stopped 


and  oada  ready  for  receiving,  while  the  "Atlantin"  approached 
®*plo8iona«  In  .this  manner',  opposite  hodographs 
of  refraction  waves  were  obtained.  In  the  Burmada  Islands  re- 
gion  four  8^  determined:  unsolidified  deposits  with  an 

average  speed  of,  propagation  of  sound  waves  V  «  4.51  kn/sec,  the 
foundation  with  V  =  6*63  km/sec  and  a  second  foundation  with 
,y, .®.  •  ,?^4e  boundary  between  the  two  foundations  cor«* 

responds  to  'the  Kohorovicic  surface,  and  is  located  at  an  average 
depth  of  10  km., 

ffork^as  conducted  by  the  same  method  over  a  distance  of 
120  miles  northwest  from  Bermuda, at  depths. of  about  5,000  m  /26/» 
Hydrophones  was  Iwered  to  a  depth  of  about  17  m.  The  position 

9^  ^he  ships  was  determined  by  the  Loran  phase  radiogeode  tic 
system. 

In  investigating  the  depth  structure  of  the  Brownson  deep 
/35/  two  a.aips  were  used,  majping  recordings  at  the  ends  of  a 
profile  about  50  miles  long,  while  a  third  ship  was  throwing 
300-pound  depth  charges  along  the  profile.  Hydrophones  were  at¬ 
tached  to  bupy^  which  kept  them  afloat  when  there  was  a  short 
cable  in  the  water.  For  the  instant  of  the  explosion  the  cable 
was  immediateljK  let  out  so  that  the  hydrophones  gradtially  sank 
at  the  time,  of  recording.  The  maximuni  depth  of  submersion  of  the 
hydrophones  was  of  the  order  of  50  Amplifying  apparatus  simi¬ 
lar  %p^  tlw  t  described  ahowe  was  used* 

i955  an  ^article  waa^^ublisbed  on  aelamic  work  by  the 


reflected  wave  method  on  a  series  of  profiles  from  Bermuda  to 
the  continental  margins  /45/ •  Two  ships  were  used  in  these  in¬ 
vestigations,  One  recorded  waves  on  hydrophones  located  close  to 
the  surface  of  the  ocean  while  the  other  set  off  explosions  of 
small  charges  within  short  intervale  going  away  from  the  first 
ship*  Sxplosions  were  set  off  at  a  depth  of  about  1  m.  The  recor¬ 
ding  was  made  on  tape  and  subsequ.ntly  reproduced  in  a  laboratory, 
reflections  were  obtained  from  horizons  up  to  a  depth  of  1,000 
to  1,100  ffl  below  the  floor,  which  are  fairly  well  correlated  ac¬ 
cording  to  the  profile,  A  comparison  was  made  of  the  reflected 
and  refracted  wave  method.  It  was  found  that  the  reflected  wave 
method  can  give  valuable  supplementary  information  on  the  struc¬ 
ture  of  the  upper  pile  of  rocks  in  many  instances. 

The  article  by  Katz  and  Ewing  /4l/  describee  the  results  of 
work  conducted  in  1950  and  1952  by  the  refracted  wave  method  on 
25  profiles  west  of  the  Bermuda  Islands,  Profiles  45  to  90  km 
long  were  worked  on  by  the  standard  method  with  two  snips.  A 
recording  was  simultaneously  made  if  reflected  waves.  The  results 
of  this  work  were  published  in  an  artioie  with  data  of  all  other 
seismic  work  conducted  in  this  area  of  the  Atlantic  Ocean. 

In  the  United  States  investigations  by  the  seismic  method 
were  begun  in  the  Pacific  Ocean  in  1948.  They  are  conducted  by 
the  Scripps  Oceanograpnic  Institution  under  the  direction  of 
R*  Raltt,  The  method  and  apparatus  used  are  basically  similar 
to  the  above-desc£ibed *  In  the  waters  off  southern  California 
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irorlc  was  conducted  by  both  methods,  of  .reflected  and  refracted 
waves  /50/.  in  the  reflected  wave  method  charges  from  1  to  4 
pounds  were  used,  and  in  the  refracted  wave  method  «  up  to  100 
pounds.  Recording  was  made  on  a  crystal  hydrophone*  The  lest  re¬ 
sults  were  obtained  by  the  refracted  wave  method;  the  reflected 
wave  method  provided  supplementary  information* 

Finishing  the  survey  of  work  conducted  in  the  USA,  we  will 
briefly  pause  to  discuss  the  apparatus  and  method  used  in  marine 
seismic  prospecting  for  oU*  A  volume  of  seismic  prospec¬ 

ting  work  in  the  USA  was  conducted  in  the  Qulf  of  Mexico,  off  the 
California  coast  and  in  other  areas  likely  to  yield  oil  A7i 
49/*  A  survey  of  the  methods  of  seismic  prospecting  for  oil,  as 
applied  until  1S|48,  is  contained  in  article  /49/*  Since  similar 
investigations  are  conducted  in  off-shore  shallow  relilons,  sels- 
receivers  are  usually  associated  with  the  ocean  floor*  At 
first  land  seismographs  were  used  in  marine  work;  they  were  her¬ 
metically  sealed  beforehand  and  lowered  from  a  ship  along  the  pro¬ 
file*  In  subsequent  years  special  small-bulk  seismo^apha  were 
desired,  equipped  with  gimbal  suspension*  Apparatus  usually  em¬ 
ployed  contains  a  large  number  of  seismographs*  placed  at  set 
intervals*  The  wires,  joined  in  a  ''braid,”  ane  lowered  to  the 

J  ■■  .1  ■'/  .  f-  '.I  \  \  ,•  '  .  '• 

bottom,  and  the  seismographs  either  float  a  little  above  the 
bottom,  or  (if  they  are  equipped  with  gimbal  suspension)  they 
are  directly  attached  to  the  wires.  When  using  small-bulk  seie- 
mogra^ha  with  gimbal  suspension,  the  connecting  wires  and  the 


a«i8aograpfas  ar«  placed  in  a  waterproof  rubber  hose  whloh  can 
be  rolled  on  a  dnue  after  use*  The  ''braid"  is  dragged  along  the 
bottom  to  more  it  from  a  etation  to  another*  In  work  In  reglona 
with  considerably  broken  ground  or  with  great  depths,  floating 
devices  are  used  in  which  the  wires  are  kept  close  to  the  surface 
of  the  sea  with  floats,  and  the  seismographs  are  suspended  at  a 
certain  depth  /39,  49/*  Seismic  prospecting  is  mostly  conducted 
by  the  reflected  wave  method*  Small  vessels  with  explosives  set 
off  explosions  either  in  the  center  of  the  apparatus  or  at  Its 
ends,  after  which  the  recording  vessel  tows  the  briid  to  a  new 
position* 

An  article  /17/  published  in  1930  describes  a  nee  apparatus 
for  marine  seismic  prospecting  by  the  reflected  wave  method, 
which  makes  it  possible  to  do  the  work  with  a  single  boat  moving 
constantly  along  the  profile*  Piezoelectric  crystals  are  used  as 
seismic  receivers,  they  are  contained  in  a  plastic  hose  filled 
with  oil*  The  whole  system  is  neutrally  buoyant  in  water,  thus 
making  all  operations  much  easier*  During  the  operation  the  boat 
proceeds  along  the  profile  at  a  constant  rate  of  speed*  Charges 
on  a  floating  detonation  mainline  are  lowered  from  the  stern  of 
the  boat;  explosions  are  set  off  in  the  center  of  the  apparatus 
which  has  8  to  10  channels,  100  a  apart*  Tor  the  instant  of  the 
explosion  the  motion  of  the  hose  is  stopped  by  means  of  paying 
out  the  towline,  as  a  result  of  which  the  load  attached  to  the 
beginning  of  the  hose,  drbps  to  the  bottom*  The  use  of  this 
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apparatus  and  method  conelderably  Improvea  the  efficiency  of 
operations*  Such  apparatus  has  been  in  wide  industrial  use  in 
the  USA  only  for  a  relatively  short  time*  approximately  since 
1954  AO/. 

Great  Britain*  Marine  seismic  investigations  in  Great  Bri¬ 
tain  were  begun  in  1958  in  the  Bast  Atlantic  /13,  iV.  The  me¬ 
thod  of  Ewing  was  used  in  these  first  operations.  The  recording 
ship  stood  at  anchor  and  lowered  seiaaographa  to  the  bottom.  Ex¬ 
plosions  were  set  off  from  boats  or  motorboats  also  on  the  bot¬ 
tom.  The  distance  between  the  explosion  and  receiver  was  deter¬ 
mined  by  the  time  of  the  arrival  of  the  water  wave*  As  a  result 
of  this  work  the  relief  of  the  covering  of  the  crystallic  found¬ 
ation  was  determined  in  the  western  part  of  the  English  Channel. 
The  investigations  were  limited  to  relatively  small  depths  of 
the  ocean  (1.50  to  200  m);  penetration  of  greater  depths  was  pre¬ 
vented  by  difficulties  of  placing  apparatus  and  explosives  on 
the  bottom. 

In  1947  the  article  by  Hill  and  V/illmore  /34/  was  published 
■s'hich  described  the  results  of  experimental  work  jointly  conduc¬ 
ted  during  the  war  years  by  Great  Britain  and  the  USA,  whose  pur¬ 
pose  was  to  Investigate  possibilities  of  using  hydrographs  to 
receive  seismic  waves.  Comparisons  were  made  of  seismograph  re— 

r 

cordlngs  which  was  placed  on  the  bottom  and  of  a  hydrophone  sus¬ 
pended  in  water  at  a  depth  of  about  12  m*  The  experiments  save 
positive  results#  In  the  same  article  the  authors  express  an 
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of  a  poBsibl®  attachment  of  a  hydrophone  to  a  radio  buoy  which 
would  translate  the  aij^al  from  the  hydrophone  to  the  detonation 
Developing  this  idea,  Hill  and  ^v/allow  designed  an  appara¬ 
tus  wtiich  cade  it  possible  to  conduct  observations  by  the  ref¬ 
racted  ware  method  from  one  boat  only  /35»  36/,  A  piezocrystal 
hydrophone  is  suspended  under  a  buoy  which  is  floating  on  the 
Burface  at  a  depth  of  bout  5C  m.  rlaced  within  the  buoy  is  a 
»'i.<e-banfl  amplifier  and  transmitter  which  are  powered  by  a  12- 
volt  battery  through  a  transformer.  The  amplified  signal  from 
the  hydrophone  is  transferred  to  a  frequency  modulator  of  the 
transmitter  which  is  working  at  a  frequency  of  about  42  megahertz. 
When  working  over  a  profile  it  ie  usual  to  place  three  or  four 
radiobuoye  about  1  km  from  each  oth^.r.  The  transmitter  of  the 
buoys  are  t^aied  to  different  frequencies.  After  placing  the 
buoys  the  ship  begins  to  throw  depth  charges  along  the  orofil* 
at  determined  intervals,  simultaneously  receiving  radio  ragnals 
from  the  buoys,  the  signals  being  filtered  and  recorded  on  pho¬ 
tographic  paper  by  an  oscillograph.  The  maximum  distances  of 
the  profile  are  determined  by  the  operational  distance  of  the 
radio  transmitter  which  operate  within  the  range  of  direct  vi¬ 
sion,  as  well  as  by  weather  conditions.  The  ship  usually  moves 
away  from  the  buoys  to  a  distance  of  up  to  20  miles.  Explosions 
are  set  off  at  a  depth  of  about  300  m;  standard  200  or  500-pound 
depth  charges  are  used.  After  wor.cing  over  the  profile  the  ship 
returns  and  picks  up  the  buoys. 
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This  method  was  used  in  19^9  to  conduct  seismic  investiga¬ 
tions  in  the  eastern  part  of  the  Atlantic  Ocean  at  a  ae.-th  of 
about  5,400  m  /?6/.  lie  thickness  of  the  sediment  layer  in  this 
region  was  found  to  be  1,900  to  ^OOC;  a  (7  -  1*,;’  to  2.';  kf  ' 
below  that  are  crystalline  rocks  with  a  velocity  of  .bout  %0 
km/sec  and  a  thickness  of  2,700  to  3,400  m,  which  have  baoement 
rocks  with  a.  velocity  of  seismic  waves  of  about  6.3  km/sec, 

Tn  to  1949  worK  was  ccnductecl  by  the  re;.ra(.t.’,G 

!K:thcS  in  the  injlish  Ctmnnel,  alons  a  line  passin,.;  acntl.  M  ‘-’y 
fficuth  /  57/*  Three  radiobuoya  were  used,  wi-b  hydropeonef.  au^neu 
ded  at  a  cienth  of  20  The  aeu,,th  of  the  profiles  did  not  exceed 
e  Piles.  The  weight  of  the  BE  charges  varied'  from  2.5  to  50  Iba. 
five  explosions  usually  auffloed  for  one  profile.  The  whole  ope¬ 
ration:  dropving  the  buoys,  setting  off  the  charges  and  plcHins 
up  the  buoys,  toolt  about  h  hours.  Beteroinations  ware  made  of 
the  thiohneos  of  sedi:«ent  leyers  and,  the  relief  of  the  crystalline 

founcation* 

In  1950  works  by  tho  radiobuoya  method  were  conducted  in  the 
North  Atlentic  /28/  and  in  1952  in  eastern  parr  of  the  ocean 
/58/,  The  results  of  both  under  tax  inj-.s  show  tnat  in  the  deep-sea 
ocean  trenc.h basalt  rocks  lie  directly  under  the  ssdi;acnt  layer, 
wVtioh  has  a  variable  thic.kneES  of  an  average  of  about  1  km.  The 
basaU  rock.s  extend  to  a  depth  of  9  to  13' km  below  sea  level, 
where  the  Mohorovicic  boundary  has  been- determined.  In  order  to 
obtain  waves,  refracted  at  the  Mohorovicic  boundary,  an  addi- 
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tional  ship  was  us«d  which  set  off  explosions  at  distances  up 
to  110  km  from  the  radiobuoys*  In  this  instance  the  radiobuoys 
were  placed  over  a  20-id.lometer  profile  and  the  recording  ship 
was  in  the  center  of  the  installation. 

Wide  use  was  made  of  radiobuoys  during  the  time  of  the  round- 
the-world  voyage  of  the  British  expedition  ship  "Challenger”  /29/* 
Many  seismic  profiles  were  worked  on  in  the  Pacific,  Indian,  amd 
Atlantic  Oceans,  and  in  the  Mediterranean.  Over  most  profiles  in 
ocean  depths,  there  are  rocks  with  a  velocity  of  seismic  waves  of 
6*3  to  6*6  kffl/sec  under  the  sediment  layer  which  is  about  0*3  km 
thick*  The  small  length  of  the  profiles  (up  to  20  miles)  did  not 
permit  determination  of  the  depth  at  which  the  Mohorovicic  boun¬ 
dary  lies. 

Other  countries.  As  far  as  can  be  judged  from  published  works, 
marine  seismic  investigations  were  conducted  on  a  relatively  small 
scale  in  other  foreign  countries*  In  addition,  all  operations  were 
coPvAucted  in  offshore  shallow  areas,  mostly  for  the  purpose  of 
prospecting  for  oil-bearing  structures. 

Thus,  Mexico  conducted  seismic  prospecting  investigations  In 
Gulf  of  Mexico  on  an  area  of  1,600  km^  along  the  coast  of  the 
stat@s  of  Vera  Cruz  and  Tabasco  /46/. 

West  Germany  is  conducting  seismic  investigations  by  the  re - 
fle<sted  wave  method  in  the  Baltic  and  North  Sea  /I,  7,  42,  43, 

44/«  It  is  reported  that  good  results  were  obtained  in  the  Bay 
of  I^tel  and  off  the  northwestern  coast  of  Schleswig-Holstein  A/* 


The  interference  level  can  be  reduced  to  a  conaiderablo  degree 
by  means  grouping  seisnographe*  The  apparatus  used  is  basically 
similar  to  that  used  on  land,  Hydrcptonea  are  also  used  as  sexs- 
laic  receivers  /52/» 

Reports  were  made  of  aeisnic  prosopcting  operations  in  the 
shallow  offshore  areas  of  Japan  /3l/.  In  order  to  receive  ref¬ 
racted  waves,  seismographs  of  the  electromagnetic  type  were  used, 
v'hich  ’.vere  placed  on  the  bottom  of  the  sea. 

In  Prance,  marine  seisraoc  prospecting  ia  conducted  with,  ap¬ 
paratus  which  makes  it  possible  to  work  from  a  single  vetoel  in 
motion  /12/{  the  apparatus  and  method  is  similar  to  that  descri¬ 
bed  in  the  work  of  Deegan  /17/» 

During  the  expedition  of  the  Swedish  investigation  ship 
’’Skagerrak, *•  seiwmic  investigations  by  the  reflectea  w.'i.ve  method 
were  conducted  in  the  Mediterranean  /30,  32/.  In  order  to  sepa¬ 
rate  the  reflections  coming  from  layers  located  below  the  floor 
of  the  sea,  the  method  of  explosions  at  different  depths  was  used* 

Marine  Seismic  Investigations  in  the  USSR 

In  the  USSR,  marine  seismic  operations  were  started  in  19^1 
by  N.  I.  Shapirovskiy  /9/  and  S«  D,  Shushakov  in  the  Caspian  Sea 
in  the  coa-stal  area  of  the  Apsheron  Peninsula  for  the  purpose  of 

r 

prospecting  for  oil-bearing  structures  /5/« 

In  1941  to  1943  the  work  was  of  an  experimental-industrial 
nature}  apparatus  and  methods  v/ere  developed,  and  at  the  same 
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Tttme  information  wan  gathared  on  the  geological  structure  of 
the  region.  By  19^5 «  as  regards  technical  and  method  aspects, 
Soviet  marine  seismic  prospecting  reached  the  corresponding  le¬ 
vel  of  the  USA.  During  the  19^1-  to  19^7  period,  the  method  of 
reflected  waves  was  used  to  investigate  an  area  of  about  2,500 
kffl^  adjacent  to  the  Apsheron  Peninsula  and  southeastern  Kabri- 
stan,  to  depth  of  50  m  /8,  9/.  Recording  is  made  on  electromag¬ 
netic  seiamographa  with  oil  damping,  which  are  kept  at  1.0  to 

l. 5  m  from  the  bottom  of  the  sea,  while  the  connecting  wires 
in  a  rubber  hose  lie  on  the  bottom.  Up  to  24  seismographs  are 
connected  to  a  single  "braid"  inatalia  tion,  each  20  to  30  m 
from  the  other.  Explosions  are  usually  set  off  at  the  ends  of 
the  installation  from  launches.  After  working  a  station  the  re¬ 
cording  boat  hoists  anchor  and  towa  the  "braid"  to  a  new  loca¬ 
tion.  Recording  is  made  with  24  or  26-channel  standard  seismic 
stations  with  amplifiers,  converted  to  marine  conditions. 

This  apparatus  and  method  is  used  by  industrial  crews  in 
seismic  prospecting  by  the  reflected  wave  method  to  this  day, 

A  considerable  area  of  the  Caspian  Sea  has  been  covered  by  de¬ 
tailed  and  reconnaissance  investigations  to  depths  of  30  to  40 

m,  and  sometimes  deeper. 

A  great  contribution  to  the  development  of  the  seismic  me¬ 
thod  at  sea  was  made  by  the  wprkers  of  the  scientific-research 
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marine  expedition  of  the  All-Union  Scientific  Research  Insti¬ 
tute  of  Petroleum  and  Gas  (VNII)  on  geophysics  and  industrial 
crews  of  the  Azerbaijani  geophysical  bureau  of  the  former  Mini¬ 
stry  of  the  Petroleum  Industry*  Since  1952  these  organizations  « 
have  been  doing  experimental  work  on  the  use  in  the  Caspian  Sea 
the  correlative  method  of  refracted  waves  (KMPV)* 

The  penetration  of  seismic  prospecting  to  greater  depths  of 
the  sea,  under  the  existing  method  and  technique  of  operation, 
is  being  hampered,  since  it  is  connected  with  difficulties  of 
placing  a  seismographic  ’’braid”  on  the  bottom  of  the  sea*  The 
first  experimental  work  at  depths  between  15C  mnd  200  a  was  con¬ 
ducted  in  1952  by  a  seismic  crew  of  the  marine  expedition  of 
VNII  on  geophysics.  It  was  found  in  these  experiments  that  the 
usual  seismographic  ’’braid”  was  unsuitable  for  deep-sea  work. 

It  is  very  difficult  to  raise  the  heavy  ’’braid”  on  board  ship 
from  the  bottom  of  the  sea*  Great  hydrostatic  pressure  warps 
the  housing  of  seismographs  and  equipment  gets  out  of  order; 
leaks  occur  in  connecting  wires  as  a  result  of  water  seepage; 
floats  get  v;a.ter-logged  and  there  is  a  loss  of  buoyancy*  In 
1953»  experiments  conducted  at  great  depths  were  for  the  time 
being  continued  with  the  old  equipment. 

By  that  time  great  forward  strides  were  made  in  the  design 
of  a  new  seismographic  ’’braid”  for  marine  seismic  prospecting, 
Iconducted  by  VNII  on  geophysics  together  with  the  chair  of 
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T^eonhyeics  of  the  Department  of  CJeoicgy  of  Mojjcow  State  Uni¬ 
versity  (0.  !•  P.ude.>to.vskiy .  S.  Zverev |  ?u.  ?»  i^eprocnnov) , 

A  small-bulk  seismic  receiver  was  deEir;ned  with  a  .:>.r i tn e 1. 1 e  '  s 
colt  crystal ^  and  it  was  proved  that  it  could  be  used  in  marine  ^ 
seismic  pror.pecting  /2/.  The  pieaoseismic  receivers  and  wires 
W'*!*!?  i'Xeced  in  a  plastic  he  8®  which,  was  filled  with  oilf  so 
that  the  v'nole  installation  would  bo  in  a  state  of  su.'^pcnn^.on 
in  v.'ater*  In  195^ t  using  such  a  piezoseiamographic  "braid”  '.vith 
12  recording  channels,  experimental  work  was  done  in  many  regions 
of  the  Ca‘-;pian  Sea.  For  each  channel  of  the  piezo  broid  there 
WPS  a  f'Toiip  of  10  seismic  receivers;  the  distance  between  the 
centers  of  neighboring  groups  was  ?0  m*  That  same  year  a  piezo- 
seiofflograjihic  "braid"  was  tried  at  great  depths  of  the  sea  (re¬ 
gion  of  the  Ignatiy  rocks).  Here,  for  the  first  i.ime  in  the  U.SbR 
a  r.?cor--iing  was  made  of  reflected  waves  during  the  motion  of  a 
Ship  and  ’  hriad"  and  the  p>roopect6  of  this  method  v/ere  deter¬ 


mined  . 

In  the  numner  of  195;;  wf'rk  with  a  piozoceismographic  "braid" 
W'-re  conducted  on  a  voider  scale  off  the  Turkmenian  coast  of  the 
Caspian  Sea,  A  method  was  developed  of  recording  the  reflected 
waves  while' the  ship  was  moving,  and  t.-us,  within  a  short  time, 
detailed  investigation  was  made  of  the  deep  structure  of  the 
underwater  continuation  of  the  Cheleken  Peninsula,  mxperimenta.1 
li'ork  was  conducted  at  depths  of  the  sea  between  ?0  and  bO  n 
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in  th.  region 'of  thi  ilvnnov  bank.  *hil.  forking  OT.r  th.  pro- 
fil.  the  ship  nan  novlng  at  a  steady  speed  ol  about  5  kn/h,  to¬ 
eing  behind  the  stern  the  pieso  braid  at  a  depth  of  about  10  m 
(this  depth, ‘as  bpeeial  experiments  showed,  is  the  best  lor  a 
piVssnre  receiver  in  recording  refleeted  waves  in  the  region 
',mder  ■investigation).  Explosions  ot  5-ktlogram  charges  were  set 
oil  from  a  launch  which  W.-.B  also  towed  by  the  ship.  An  experi- 
nentai  prollle  10  km  long  was  wonked  on  over  the  Livanov  bank 
by' thi  methoi' ol  confinuou*  prollllng  with  retlected  waves.  It 

was  tound'  on  tfie  bails  ot  the  seismic  omoss  section  obtained  that 

there'was’en  aaticlirtA^  fold  in  thie  Mgioni  > 

In  i956V  work  WaW  necordlng  to  the  plan  of  the 

preparationa  for  the  International  aeophyaical  Year  of  deep 

seismic  sounding  of  the  eari>h‘B  crust  in  the  Caspian  Sea.  The 
investigations'  were  jointly  conducted  by  a  num¬ 

ber  of  organizations  ( Institute  of  Tsirrestrial  Physios  Acad  Sci 
DSSR,  VNII  on  geophysics i  the  Azerbaijani  scientific  research 
institute  oh  petroleum  extraction*  and  the  Institute  of  Ocea¬ 
nology  Acad  Sci  A  choise  was  made  of  the  apparatus  and 

a  method  lah  developed  of  regional  seismic  work  at  sea.  In  the 
course  of 'this  Work  In  the  Caspian  Sea  a  total  of  12  profiles 

were  worked'ohr^dxtending  fro^  to  200  km.  Usually,  re^r ding 

was'simultliieotisiy  m^de  by  two  or'  three  land  stations  and  by  two 
or  three  ships.  The  land  stations  were  located  on  the  west  and 
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Hast  coast,  and  on  Zhiloy  island.  The  ships  recorded  seismic 
waves  by  means  of  hydropnones,  connecting  the  piezocrystal  and 
preaffiplifiar.  The  outlet  of  the  preamplifier  was  tr-nsmitted  to 
several  amplifiers  which  operated  at  different  frequencies.  ^ 

"The  wave  refraction  was  usually  well  recorded  on  frequencies 
of  6  to  12  cpB,  and  direct  water  waves  —  on  the  high-frequency 
channel.  Recording  was  made  on  photographic  paper  with  oscillo¬ 
graphs.  In  working  over  profiles  the  recording  ships  usually 
rested  at  anchor  and  hydrophones  were  lowered  to  the  bottom  of 
the  sea.  The  detonating  ship  threw  135-kilogram  depth  charges 
at  intervals  of  5  to  10  km  along  the  profile.  The  positions  of 
the  ships  were  determined  by  radiogeodetic  apparatus. 

Seismic  investigations  in  the  Pacific  Ocean  were  begun  in 
195V,  by  the  Institute  of  Oceanology  Acad  Sci  USSR  /V .  Work  was 
conducted  on  the  oceanographic  ship  "Vityaz*”  by  the  method  of 
reflected  and  refracted  waves.  For  regerding  of  waves  apparatus 
was  \ised  containing  hydrophones,  amplifiers,  octave  filters  and 
a  film  oscillograph  I-IPO-R.  The  octave  filters  made  it  possible 
to  pick  the  required  band  frequency.  Recording  was  usually  con¬ 
ducted  on  two  hydrophones  at  the  same  time,  one  of  which  was  lo¬ 
wered  to  a. depth  of  20  to  50  m,  and  the  other  to  70  to  150  m. 
During  work  by  the  reflected  wave  method  explosions  were  set  off 
also  from  the  ”Vityaz‘.”  Charges  of  the.  order  of  several  kilogramjs 
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were  used  which  were 


electrically  detonated. 


Recordings  were 


“1 


made  of  direct  wc.tcr  waves  reflected  from  th>^  oc'van.  bo.  tor,  a.t 


well  as  these  reflected  from  two  or  throe  lower-lying  horiwsone. 
In  order  to  separate  the  belowwfloor  reflections,  a  frequency  : 
criterion  waa  used.  Reflections  were  obtained  from  horizons  at 
4&ptus  -up  to  900  m  below  the  ocean  floor.  In  v/orlc  by  the  refrac¬ 
ted  wave  method,  .ail  auxiliary  detonation  boat  was  used  /5/« 

In  1956,  work  by  the  reflected  wave  method  was  conducted 
during  the  Antarctic  Expedition  of  the  Academy  of  Sciences  USSR 
^3y  „th«  diesel-electric  ship  ”0b 
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OaALITAXIYS  AiTD  QUAZITIIATIVS  Ci:ARA0T2RI3TrC3 

■  >I|»«  l»li..«w.»wt»«c.n>l»l-l»l..lll»-«il.  ■■l■^»^  Wl  f 

OF  ms  DB2R-SSA  BOTTOM  FAl’KA  OF . K-I£_  OC!^: 

L.  A.  Z.oiiirc?vich,  3.  II.  Bolyayev, 
i'ti.  A.  Birshte^Ti,  Z.  A.  Filatova 
Introduction 

The  data  conc»mi)iz:  the  qualit'  tivb  and  quantitatiy*?  distribu¬ 
tion  oi'  the  V)otto?o  femna  oT  the  ocaaja  Lod,  vdiich  coniprisce  about  70 
per  cent  ox"'  the  entire  surface  of  the  eart’n  crast,  rsprosorts  an  ex¬ 
tremely  important  part  of  our  ,r;;£ncral  concepts  about  the  distribution 
of  life  in  the  biospliore.  Both  the  qualitaTfa'c  exposition  ana  the 
'paanti'c.ntive  distributioix  of  the  bottom  i^’s.una  ere  in  this  respect 
-.?  ;uall,’.-  intarcs  tIjExp;.  Some  of  the  r.oct  oharactoristic  prop -‘rtics  of 
the  coi'.posj.tlcn  end  dlfitrilaution  of  the  bottom  fauna  at  .preatsst 
ocoa.n  depths  vere  made  apparent  only  v-ithin  the  recent  years,  in  con¬ 
nection  with  the  de’/olopmont  of  deep-sea  explon-tions.  It  shcald  be 
pointed  oxit  t',;at  opinions  about  lifeloscness  of  ocean  depths  oxceod- 
iixp,  opOC— 7pC0  n  ’..'cre  oxpreasod  onlp'  several  years  ago.  Tiio  uni'iuo- 
ncs3  of  the  faena  at  great  depths  is  first  of  all  axa'^plifiod  by  its 
syistesastic  composition,  as  v;ell  as  by  tVie  vertical  and  geographic 
distribution.  Popular  quite  recently  u'es  the  opinion  about  the  ^reat 
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uniformity  of  fauna  of  the  abyoaal  =one  both  in  ^/nrioue  ocenrs  and  In 
their  individual  parto.  At  the  present  time  there  are  roaeons  to  as- 
gumo  that,  elonn  with  a  substantial  quelitativo  inpovorishment  of  the 
ccoar.  fauna  e:;:  a  -.-hole,  an  incrense  in  the  diversity  o^  the  deev-S"a 
faunc  proper  tr-kos  place  cm  t’nc  der.th  increaaea.  The  data  cxirjtin:: 
today  indicate  that  the  population  of  various  deep-sea  depressions  is 
characterized  by  a  clearly  expressed  taxonomic  individualization,  and 
thus  by  a  ccnsidernble  cndeiis-.  As  far  cs  the  quantitative  ch.^rac- 
teristics  of  the  bottom  fnuna  is  concerned,  one  no.y,  on  the  teaxe 
contemporary  data,  spealc  in  temas  of  a  decrease  sotietines  of  thousendc 
tu.d  tens  of  thousaaids  of  times  in  the  nuantitotive  abur.dence  (bior-iass) 
of  tho  oersen  fauna  in  tho  rc-mote  desp-ssn  royions  of  tJ^o  ocean,  as 
cemrarod  with  the  littoral  shallov.'s.  Besides,  the  de^:rco  of  this  do¬ 
orcase  varies  strongly. in  different  rej-ions. 

Ono  may  assume  that  the  study  of  tho  fauna  of  tl\e  depths  of  the 
World  Ocean  bed  beyan  with  the  famous  "Cnallonrer"  expedition  in  1872— 
— 1S7'5,  under  the  leadcrsjiip  of  W;rvillo-T!iom3on«  IXariw;  this  expedi¬ 
tion  successful  aweerinj'-s  at  depths  of  ^tOOO— :>000  m  and  1?.  swoep- 
inc:3  at  depths  oxceedini-  pOOC  m  ustq  carried  out  Ln  various  recions  of 
the  World  Ocean,  up  to  a  maximu::;  depths  of  5770  m  in  the  central  part 

•of  the  Atlantic  Ocean,  near  the  Tropic  of  Ccmcer  /79/.  The  special 
> 

deep-sea  expedition  on  the  -Valdivia*  in  1698-1899  and  a  msaber  of 
other  expeditions  in  tlie  last  quarter  of  the  nineteenth  century  suc¬ 
ceeded  in  making  collections  of  tlie  bottom  fauna  only  at  depths  of 
less  than  6000  m.  Only  the  expedition  on  the  American  vessel  -Alba- 
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tross**  tr-vrled  at  a  depth  of  7,632  m  in  the  Tonga  Trench  in  1899 
the  haul,  however,  brought  up  only  fragments  of  siliceous  sponge, 
similar  to  the  sponge  obtained  by  the  '-Challenger'’  expedition  at 
a  depth  of  1,000  a  in  the  western  piiirt  of  the  Pacific  Ocon-.  It 
remains  unexplained  whether  these  are  fragments  of  a  sn-.-nge  that 
actually  lives  at  such  a  great  depti:  or  whether  they  are  the  ske~ 
letal  remains  which  found  its  way  here  from  lessei>  usx;tns  /70/. 

In  our  home  waters,  deep-sea  fauna  w?is  investigated  in  the 
seas  of  the  Far  Eiist  by  a  number  of  expeditions  directed  by  K.  H» 
Deryugin  in  1932  and  1933  /17  to  19,  56,  37/,  in  the  Polar  basin 
by  the  expedition  on  the  icebreaker  "Sndko"  in  1933  through  1938 
/16/,  and  near  southeast  Kamchatka  by  A»  t’,  Andriyashev  in  19^6 
/2/ ,  but  all  collections  of  these  expeditions  were  made  at  depths 
less  than  4,500  m. 

Not  counting  the  haul  made  by  the  ship  "Albatross,"  up  to 
1948  the  most  successful  trawl,  which  brought  up  a  catch  of  va¬ 
rious  animals  from  the  bottom,  was  that  made  early  in  the  20th 
century  by  the  Prince  Albert  of  ?-,onaco  expedition,  at  a  depth  of 
6,055  m  in  the  eastern  part  of  the  central  Atlantic  '44/,  The 
woric  of  these,  and  siiuilar  expeditions  of  the  poGt-Chal.;.enger  pe¬ 
riod,  includinis  the  series  of  deep-sea  expeditions  of  the  last  de¬ 
cade,  did  not  yield  essential  new  data  which  would  substantially 
broaden  our  ideas  of  the  distribution  of  life  at  depths  greater 
than  the  mean  ocean  floor  depth.  Only  in  the  last  decade,  due  to 

the  work  of  a  number  of  deep-sea  expeditions,  extre.;;ely  great 
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advances  were  made  in  studyin-  the  deep-cea  faun?.,  particularly  the 

fauna  of  the  maxlmuni  ocean  depths* 

Tho  data  on  the  routes  of  the  three  round-the-world  expeditions 

of  the  last  decode  ("Albetroes  II, "Cliallengor  II,  ,  pnd  ) 

and  the  -encral  char2ctari::tics  of  explorctions  conducted  by  thm,  as 
well  as  the  v/ork  of  the  expedition  vessel  •Vity?.z‘«  of  the  Institute 
of  Oceanography  of  the  Acp.dciay  of  Sciences  of  tho  U.3*S.R.,cro  ^iven 
in  the  Introductory'-  '^rticlo  of  this  collection  /?3/»  As  far  as  spe¬ 
cial  explorations  of  the  bottom  fauna  by  these  expeditions  arc  con¬ 
cerned,  the  "Challenger  II"  did  not  conduct  any  work  in  this  field. 
Collections  of  the  bottom  fauna  made  by  the  Swedish  deep-soa  expedi¬ 
tion  on  the  "Albatross  II"  (1947—19^6)  were  limited  to  rogions  of 
t,he  Atlantic  Ocean  between  the  equator  and  44®  II.  Lat.  This  expeai- 
tion  made  12  sweepings,  including  11  at  ocean  depths  from  4000  to 
6000  m,  and  one  (on  August  iCth,  1948)  at  a  deptli  of  7695-7900  n  in 
the  ?uerto  Rican  -rrenoh.  The  haul  obtained  from  this  deptli  contained 
only  a  small  amount  of  the  bottom  fauna  in  a  very  poor  state  of  pre¬ 
servation  /70/.  Detected  in  it  were  several  hollow  tubes  of  I-’oly- 

chneta  of  the  Tcrebollidae  family,  fragments  of  tho  y.a.cellicephala  sn. 

larp-e 

of  Polychaeta,  a  good  deal  of  Amphipoda  aff.  Parscallisorvr  sp.,  end 
fo-,.r  r?ociiicn.s  of  three  other  species  (Ketandania  islandica.  Stephen- 
sen,  Susirus  bathybius  Schsllongcrg,  and  Synopioides  secimda  Stebbing), 
one  Isopod  belonging  to  a  new  genus  and  species  —  Bsthyopeurua  nybe- 
lini  rordenstam,  and  fragments  of  about  twenty  specimens  of  Holothu- 
rioidea  of  the  genus  Foniagone  or  Scotonassa  /51,  65,  69,  72/.  The 
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Prosults  of  prooosslxig  of  the  deep-sea  fauna  collected  by  the  Svjodish*”^ 
expedition  were  published  in  a  number  of  articles  and  in  two  special 
issues  of  Reports  of  this  expedition  (Reports  of  the  Swedish  Cesv-'  ev;. 
Expedition  19A7—1948,  vol.  II,  fasc.  1,  1951»  fasc*  2,  1955 )• 

,  Bach  of  these  articles  contains  also  a  summary  of  bibliograpliical  data 
on  all  occurrences  of  representatives  of  the  corresponding  systematic 
group  at  depths  exceeding  5000  m* 


Table  1 

Oomposition  of  the  bottom  fauna  obtained  by  the  *'V’ityaz*" 


at  a  depth  of  8100  m  in  1949 


Systematic 

group 

Species 

Number  of 
Bpeeimens 

Sporif^ia  . . 

0.  sp.  . . . 

1 

Actiniaria . 

Gatatht?aiitlK!midac  ......... 

6 

G,  sp.  «  ,  . . . 

1 

Poivchaeta  . 

Amphiett'is  ftwdt^ri  Annenkova  .... 

About  RO 

V^tia^ie^  rschakov . * 

Muct'flict^phula  z*mtfiVitchi  I  schakov  , 

1 

Mac*i!ict*phulf  idrx  gnmtiicirra  I'scha* 

k<;V . 

1 

Lumhriconcreis  sp . . 

; 

Potaniilla  sp . 

:t 

Echiuroldca  ..... 

Jukt,hiti  bir*ih’itii  A'nkevich  .  .  ,  ■  . 

1 

Bivalvia . 

IVopoamussium  sp . 

! 

Cephalopoda  .... 

Octopoda  . . .  .  .  .  1 

1 

Crustacea  Isopoda  .  . 

Slfffthyngura  Hi^rcuiea  Birst.  ...  { 

7 

Amphipoda  .  . 

G.  sp.  . . . 

Several 

Hoiothurioulea  •  .  , 

Etpidia  glaciaiis  TIh^I  ....... 

About  20 

I^seudostichoiyMH  sp.  ««•••••. 

3 

Pogonophora  .... 

lii^ptahrachiu  ahyssitoia  Ivanov*  •  . 

1 

Sibogiinunt  cauHrryi  Ivartov  •  •  .  • 

Several 

Siboicliiipm  sp . 

a 

Enterupmuisla  ,  ...  . 

t 

G.  si>. 

The  sweeping  in  the  Puerto  Rican  Ironch  was  record-breaking 
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ThuSf  "tHa  resaarch  'tools  for  collection  of  the  bottoni  fcuna  reach¬ 
ed  in  1951  both  in  terms  of  ciuelity  end  of  number  the  greatest  depths 
of  the  V/orld  Ocean,  and  the  existence  of  a  diversified  life  at  any 
depths  of  the  ocean  was  proven.  Materials  collected  by  the  ‘‘v,; .i  - 
are  at  the  present  tine  partially  already  processed  by  specialists, 
and  their  publication  was  bej^un  in  the  Galethea  Reports  series.  The 
second  volume  of  this  edition,  containing  articles  devoted  to  various 
groups  of  bottom  invertebrates  (Ccelentera'ta,  Ileraatodes,  Pclychaeta, 
Isopoda,  Tanaidacea,  Pan'bopoda,  Schinodertaata,  P ogonophora),  '.’as  pub¬ 
lished  in  1956.  Cited  in  most  of  tliese  articles  are  the  results  of 
processing  only  of  those  represen'batives  of  the  corresponding  groups, 
which  vfero  collected  at  depths  exceeding  6OOO  m. 

The  v?ork  of  the  "Vityas‘*  on  the  study  of  deep-sea  fauna,  which 
bogan  in  1949,  were  continued  in  1950—1955  encompassed  our  Fsr- 
Sastern  seas  and  the  adjoining  north-western  part  of  the  Pacific 
Ocean  (Table  2).  IXiring  four  voyages  of  the  "Vityaz*"  in  19v>5— 1955> 
numerous  sweepiniijs  in  depths  of  the  ocean  bed  were  carried  out,  and 
six  deep-sea  trenches  were  explored,  from  the  Aleutian  to  tliC  Manana 
and  the  Ryu-Kyu  (Table  4).  During';  this  period  the  "Vityaz*”  conducted 
21  sweepings  and  took  7  dredging  samples  at  aeptha  of  core  than  cOOO  m 
The  three  most  abyssal  hauls  vfore  obtained  v/hils  sweeping  in  the  Kuri- 

i 

lo-Xomchatslceya  Trench  at  depths  of  9000—9050  m  end  9700 — 9950  m  and 
in  the  Idzvi-Bonin  Trench  at  depths  of  9715~“9755  Bi®3t  abyssal 

dredgin;:  sample  v/as  taken  in  the  Aleutian  Trench  from  a  depth  of  1256 
m.  Table  2  summarizes  the  da'ta  concerning  the  number  of  deep-sea 


sweeping  and  dredging  sanples  taken  by  the  ■Vityaz'*. 

Table  2 

Bie  nunber  of  sweeping  and  dredging  sanples  obtained  by  tho 
"Vityaz*'’  fron  deptlis  exceediiu?;  ICOC  n  in  19A9*~*1955 


Sea 

of 

Soa 

of 

Bering 

Pacific 

To  Ini 

Depth  in  m 

Japan 

Okhotsk 

Sen 

l^cean 

jk 

9W 

dr 

3W 

dr 

.  sw 

dr 

SW 

dr 

SW 

dr 

1000-3000 

3000-0000 

More  tlion 

5 

1 

12 

3  1 

1 

1 

13 

4 

1 

12 

7 

11 

1  So  0 

10 

23 

21 

17 

38 

7 

35 

21 

04 

71 

7 

At  tho  present  tine,  among  all  the  deep-sea  trenches  of  tho  ocean* 
the  Kuril e-Kamohatka  Trench,  v/horo  17  sv/oeplngs  at  depths  exceeding 

ICOO  u  and  9  at  depths  from  600C  to  ICXJOO  m  were  made,  has  been  ex¬ 
plored  in  greatest  detail*  Proliminsry  results  of  exploration  of  the 
Kurile-Kanchatka  Trench  were  published  in  articles  of  L*  A*  Zanlco- 
vich,  Ya.  A.  Birshteyn,  and  G.  M.  Belyayev  /26,27/,  and  results  of  de¬ 
tailed  proc9.33ing  of  tho  natorial  by  separate  systematic  groups  were 


given  in  e  number  of  articlovS  by  various  authors  /^,  8,  11,  24,  JO,  55> 

Ac,  41,  A2/. 

Finally,  on®  should  mention  the  work  of  the  Consolidated  Antarct¬ 
ic  Bxpsditicn  of  the  Academy  of  Sciences  of  the  U.S.S.R*,  which  was 
hogvci  in  195o  on  the  vessel  "Ob'*®  The  "Ob**  made  collections  of  the 
deep-soa  fauna  in  1956  in  the  Antarctic  waters  and  in  the  Indian  Ocean 
and  were  carried  on  in  1957  and  195G  in  the  sme  regions  and  in  tho 
southern  p^rt  of  the  Pacific  Ocean* 
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'fahl-.-'S  :<  fuic;  ^'i  o-virvi-iaririe  tae  d-  ts  on  tV.c  nur.bfU'  cf  gvfoeoin.;’’ 
hauls  conductial  by  vr.ric.us  ox-i editions  ct  .iaptbir  e>:oi:ed;Ji;_;  ^lOCC  J-o* 

As  con  be  seen  frra.''  tho.~o  fcoblc-s,  ;•■;  to  tl;e  proinnit  tine  .’po  to  rial  has 
boen  slr.iaoy  ;'coi,c;iul;' ted  on  tl'.o  'irviaa  oi  ;  oeocn  c'lv.'itV,;:  Prer"  12 

vei-ious  den;— oen.  trenc’.':ca»  ilciyovsr,  iiia.’ir.uch  c..j  the  ov;r-.;heLtdn,';;  part 
cl'  these  collocti-ons  ■•■■'ai*  ci’rri-eci  out  only  '.•ith.in  tiie  recent  yoiorfi 
("Cnltthea,  “  ’’Vityo.:’.*"),.  the  ^.c-oixaulot  >a  ipoter-lnl  i.s  brioicnlly  still 
in  the  p  roc  OS'S  in.;.,  etat;®*  The  ecKipietion  of  this  proco.r.oi.nt  i^ill  vup- 

J 

dctibvodly  pdeld  a  rich  and  intoi^stin;;;  :„s.tsriai,  crnablo  oJ'  sorviiip  so 
a  basis  for  broad  p;fjneraliti''.ticn.':  .in  the  prcblcias  ot  -vertical  ana 
goopraphic  distribution  of  tlia  deep-s or-  fauna,  of  its  renesis,  etc. 
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Table  4 


Regional  distribution  of  sweeping  catches  nado  by  various  ex¬ 
peditions  at  depths  exceeding  6000  m  (up  to  1957) 


Kunber  Depth 

Region  of 

catches  in  a 


Atlantic  Ocean 

Puerto-Rican  Trench 
V/oatom  part  of 
Central  Atlantic 

Indian  Ocean 

Java  Trench 

Pacific  Ocean 

Aleutian  Trench 
Kurile-!te.”'.cha'teda3pt  Tronoh 
llorth-wostem  part  of  the 
Pacific  Ocean 
Japan  Trench 
Idzu-Bonin  Trench 
Ilariane  Trench 
Syu-Kyu  Trcaich 
Philippines  Trench 
Banda  Sea  Trench 
"O’.ig  r  invi  1 1  a  Trou^gh 
llen-iadek  french 
Toix;a  Trench 
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Swedish  "Albatross  II" 
Prince  Albert  of  Monaco 
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tt 
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ft 

"Gale thee" 

II 
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fl 

American  "Albatross* 


IlotViods  of  Collection  of  the  Deep-sea  Fauna 
Tiio  Agassiz  trawl,  which  was  first  o.iploycd  by  the  expedition  on 
the  vessel  "Elake"  in  1877  /68/  and  which  entered  our  literature  under 
tile  more  common  name  of  Sigsbeo  trawl  end  which  is  semotimes  also  cal¬ 
led  tho  sled  trawl,  remains  up  to  this  time  the  principal  tool  for 
collection  of  deep-sea  bottom  fauna.  In  ..  •  recent  years  this  model 
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is  being  used  v;ith  various  major  or  minor  modifications.  A  very  im¬ 
portant  device  was  introduced,  into  practice  in  the  'thirties  by  0.  P. 
orbimov  /l6/«  This  device  consists  in  flexibly  mounting  tv:o  rods, 
e''n.ial  in  length  to  tlia  tied  trawl  bag,  to  the  sides  of  the  trav/i  'frtv.e. 


from  being  wrapped  around  the  fraiiio  when  the  trav/1  is  lowered,  .i:- 
actiy  tl'.is  mcdol  ( ths  Sigebcs-lorintnov  trawl)  fovmd  d  predominant 
eupioyiacnt  during  worlc  on  the  •Vityaz*!,''  where  its  frame  vras  2.5  m 
■v.'ide  end  its  wei^M  about  200  (Fig.  1).  As  it  is  kno\m,  the  trawl 


pffors  ■aiepoBsibility  of  mc.lcin^  only  a  qualitative  account  of  tJ-iO  fau< 
na*  However,  due  to  the  meaner  reprcssntativeneaa  of  dredges  as 
qurjititctivc  tools  of  hauling  at  groat  depths,  clue  to  tlie  rarity  of 


Dcjttlcsucnts  of  thv^  dccp~ace  f'j.una  (in  any  csuie  of  tlie 


v:oi 


or 


'1  r 


large  anisials),  mald-ng  a  quantitative  estinnto  on  the  basis  of  ti‘av;i- 
ing  hauls  vms  of  a  aiibstantlol  intorost.  A  necaber  of  the  Institute  of 
Oceanography,  Ye,  I.  Kadinov,  constructed  for  this  purpose  an  Inatra- 


P  ^'t  —  tru'i'loi'.raah  — *•  vfhicli  recorded  the  length  of  the  path,  covered 
by  the  travel  at  the  bottoa.  7ne  data  on  utilir.ation  of  tlie  trav-lo- 
yrarh  during  deep-sea  sweepings  of  the  * Vityas**  are  given  in  the 
prticle  of  L.  A.  Zenkevich,  Ya.  A.  Elratitoyn,  and  0*  M.  Belyayev  /27/. 


Pig.  2.  Double  trawl  used  on  the  “Yitj-az*,*  constructed  accord¬ 
ing  to  the  traui  tjqie  used  first  on  the  *Qalathec«*  Photo  by 

V*  iiartsianov. 

Uie  Eost  significant  Toodiflcation  of  the  Sigebee  travel  is  the 
nodel  employed  during  the  work  of  the  *G'alathea*  expedition,  along 
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th«  r^ular  type  /44/».  Iho  Treme  of  the  modified  typo  is  6  m 
wide  and  75  c®  high,  a  nd  weighs  only  ^  kg.  The  trawl  is  provided 
with  tvro- bags,  each  5  m  wida^  which  are  placed  side  by  side*  A  some¬ 
what  heavier  model  of  this  type  was  successfully  eaploj'ed  in 
well  as  on  the  "Vityaz*"  (Fig.  2).  The  Swedish  expedition  on  tiio 
•Albatross  II®  in  1947—19^  employed  for  deep-sea  sweepings  a  ten- 
meter  otter  trawl,  which  cade  several  successful  sweepings  at  depths 
of  up  to  7900  a.  However,  judging  by  the  description  of  hauls  obtain- 


Pig*  5*  Ring  trav/l  being  attached  to  the  trawl  warp  from  the 
atom  trap-ladder  lowered  from  the  ve8sal*s  stem,  during  sweep¬ 
ing  conducted  by  the  •  Vityaz* "  from  the  anchor  winch  at  a  depth 


of  9700  m*  Photo  by  G-.  Belyayev. 


205 


irhoBs  as  far  as  collection  of  doop-aea  bottom  Invertebrates  is  con- 

r. 

cemod4 

For  deep-sea  swaeplnij  on  the  "Vityaz’i*  porlon  ring  trawls  with 
'X  160  era  dimeter  were  fastened  to  the  trawl  warp  at  various  int'-;rv'ils 
rom  tlio  travrl,  in  order  to  mrlce  horizontal  hauls v  in  the  w.ter  coiimi 
at  various  horizons,  fliese  ring  trawls  yielded  usually  rich  catches 
of  deep-sea  fish,  crustaceans,  and  of  other  bathypelsgic  animals. 


Fig,  4,  &rab  of  the  •Ooean  50*  typo  «  the  "Vityaz’"  before 

being  lowered.  Photo  by  7%  Eartsissov. 

) 

iJfcployod  for  quantitative  collections  of  the  bottom  fauna  by  all 
contcnporcry  expeditions  are  grabs  repreaenting  various  modifications 


and  Jnprovesnents  of  the  Petersen  grab,  which  has  been  in  iise  for  al¬ 
most  half  a  contuiy.  A  grab  of  tills  type,  with  an  opening  area  of 


-vj'  V*.  SJJUm*.;  ;•  ^ ■'■< ; “.•  >  •>• 


‘ X'"' ■  '4:^v i '■  ■- --y^' ■  (v.^ '‘I'i-' p'  V- ;* '•■  ''■■ 


;'.  .V- ;,•'. 


O.S  n",  wr.r.  used  fcr  deop-aea  vroric  cn  tl-i'S  "C-Silathoa.'*  Up  to  l^'yC  "the 
."Vityas*"  employed  the  ordinrjry  Fetoi'son  witlj.  an  openjiv  area  of 

•an!,;  0»-'r  end  f^ct\  l/’^O  or.,  th-i  "Ocor'n  5C"  (C«2r’  if)  typ^  yro-o, 

deal- d  b:-'  '-.re  of  tin;  Institufi  of  C’0::a,r)clo::,y  A.  ?.  Lif!.it3-,r.  .v.if 

G.  B*  Udintsov  /5V*  -^lis  model  is  dii;tiiT.uisbc'd  by  a  dovict-  ’..’••.ich 
pr-tvents  the  yrab  from  clo.ain;.:  in  tine  vrator  coliron  whilQ  bein;:  loViored 
(?5  •.  A),  A  r.lriilar  device  oxiots  on  a  sonov.'hat  modifiad  Peterson 
re.’;  ( Cr.npbali  ;rab),  vrhich  i;:-.  U'-ed  by  tho  .teerican  eX:;-.lor''';ior.  :;tip 
"7flr-ro  IV"  of  the  University  of  dcL-Uiorn  Qali.fomia*  In  addition, 
this  ship  xiov'S  also  a  peculiar  feur-door  liayvrard  :2reb  (Fiy.  !?),  ’.;;i.ich 
l',;rir?,  duo  to  ita  unique  shape,  tiio  narao  "oi'rin.^e  paol"  /l77/» 


?1:>  7.  Four-door  May-.-rerd  yi-ab  on  the  "Valero  IV"  ,/!>7/* 

/■.a  o;jr.s.n  po^nt’ed  out  only  rec-antly  /%'/ ,  the  ri-et.'iod  of  collcct- 
in  -  '..h-;  irr.allo:- 1  bottom  rinin'la  is  ua  to  ti'.is  tine  ujioatisf'-ctor:'.  In 

r 

corjnect.ion  '..ut:i  this  one  should  n•^n^ion  uho  inathod  of  vjnshin.^  the  dooa- 
'se?.  dradyinjj  aaiiiples  in  a  silken  gaiiss  bay  with  meah  diaaoter  of  0*}  ran 
(l!c»  1-^),  which  is  placed  in  a  taiilc  with  circulutiny  sea  vwtor.  If 
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ti:,  sicnificfmt  ariount  of  unwashed  soil  remains  at -the  botttaa  of  the  bag 
after  washing,  an  elutriation  of  animals  contained  tn  it  is  made.  Al- 
tlicugh  this  washing  method  consumes  often  substantially  more  tine  than 
tlie  usxial  method!’  of  vreshing  the  bw.-.p1os  on  natal  washing  screens  (es¬ 
pecially  when  vrashing  clay  soils),  it  has  a  material  advantage  as  com¬ 
pered  with  the  latter.  Owing  to  the  small  mesh  diomoter  of  the  silken 
gcuzo,  the  preservation  in  the  sample  evon  of  the  smallest  animals, 
less  then  1  mm  Isrge  (Nematodes,  Harpacticoida,  etc.),  is  guaranteed. 
Besides,  inasmuch  as  the  soil  being  washed  is  not: subjected;  to:  the  di-^ 
feet  effect  of  the  vwter  jet  fran  the  washing  hose,  even  the  most 
fragile  and  delicate  organisms  are  preserved  in  the  sample  undamaged. 
The  utilization  of  this  method  permitted,  during  the  work  on  the  Vi- 
tyaz’,'"  to  obtain  rich  collections  of  various  small  deep-sea  bottom 
organisms  which  were  up  to  this  tide  studied  only  to. a  irery..  Ihouff ici- 
ent. extent. 

General  Oharacteristics  of  Deep-sea  Piocoenoses 
The  first  attc’T'pt  to  give  a  qualitatively  communal  charccterist^ 
ici  of  the  bottom  poimlction  of  the  open  regions  of  the  ocean,  includ¬ 
ing  the  deep-sea  regions,  was  made  by  Peterson  /71/  1“  wcll-Vaiovin 
iichemo,  mblishod  by  him  in  191^.  In  this  schmo  Peterson  gives  a 
number  of  bottom  comi:xunitior.>  of  the  north-eastej’n  part  of  the  Atlantic 
up  to  3e stem  Greenland,  Spitzbergon  waters,  the.  Barents; 

Baltic  Seas  In  the  north  and  the  east,  and  up  to  S.  lat,  to  the 
south.  For  deep-aea  regions  (exceeding  1000  m)  of  the  Greenland  and 
Norwegian  Seas  he  indicates  a  community  with  a  characteristic,  form  of 
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Poctan  frigidus.  The  regions  with  depths  from  1000  to  2000  m  south 
of  Iceland  and  west  lof '  Great  Britain  and  Ireland  are  referred  by 
Petersen  to  the  coinriunity  of  Pectin  vitrous,  Abra  lonsicallis  "and 
of  v-^rious  other  characteristic,  or  at  least  importiint  acconp^n;  in;., 
species"  (pac©  5)*  As  far  as  the  communitj}  set  off  by  Petersen  for 
the  noro  southern  regions  of  the  Atlantic  with  depths  exceeding  2000 
m,  is  concerned,  the  author  notes  that  it  is  for  him  impossible  to 
point  out  any  v/idcly  distributed  cha rnc tori s tic  species*  It  should  bo 
noted  that  Petersen* 3  scheme  had  only  a  stricly  orientating^ 
and:was  to  a-significint  degree  even  hypothetical# 

Tvrenty  j^’cars  since,  on  the  basis  of  results  .of .  cohCrote  ^quanti¬ 
tative  inves tigatiens!  of  the  bottom  fauna,  opbrek  thought  it  possible, 
duo  to  extreme  poverty  of  data,  to  indicate  only  two  doop-soa  comim- 
ities  in  the  Atlantic:  ‘  the  coininunity  of  Foraminifera  in  trie  waters  of 
jcotl'ind  and  of  Sestem  Greenland  at  depths  up  to  700  m,  and  the  com- 
:,ranitv  of  Pcctcn  vitreus  at  depths  exceeding;  200  vi  in  a  very  limited 
ro:  icn  of  dhe  Shagorrak  and  of  the  Oslo  Fjord. /75/ »  In  I9pu,  compar¬ 
ing  the  above  menwioned  Petersen.* s  scheme  witli  data  of-biocoenosis  ex— 
oloraticnc  accwmilated  in  the  course  of  tv/o  decades,  SpSrck  /74/  made 
an  attempt  to  deliniato  the  bottom  cornmuniLes  from  low  doptlis  up  to 
tlie  upper  horizons  of  the  abyss  and  to  give  their  classifies In¬ 
to  his  treatise  on  these  cormunitieo  SpSrck  introduced,  on  one  hand, 
the  zoogeographic  principle,  and  on  the  other,  tho  principle  Oi  tlieir 
demarcation  according  to  depth  and  partially  according  to  their  adapt¬ 
ation  to  various  soils#  Thus,  for  example,  SpBrek  distinguisehs  a 
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boroal  shallow-v/rtcr  comunity  (i>^-nioh  vjotoTs  and  the  Baltic),  an  pre- 
tie  eoomunity  of  intermedirte  dopths  and  of  aoft  soils  (in  t!ie  Spit^ 
bor^en  region  end  near  Sastern  urconland),  etc.  It  should  be  not  .d 
tbfit  all  coiiraunitics  dcfLicd  by  Sparcl:  are  fi::eci  to  cc  etol  ' 
relativoly  ehallovf  re,, ions  of  tlie  Atlantic*  As  far  as  tne  rc;,,'.vn  ox 
distribution  of  ^raat  doptho  is  concerned,  Sotfreh  points  out  only  a 
sin^^le  do»:p— 300  cor-munity  iCP.r  tnc  rcutl'i— eastern  co^at  Ox  Gre.:nland 
End  notes  thai,  data,  for  any  further  syntliosis  ere  absent*  Up  to  tiis 
tine  we  have  no  otiicr  ;'"eneralii!ij\‘;i  stvidios  on  the  cont^^unrl  •....t  ^  . 
tion  of  the  bottom  fauna  in  tha  Atlantic  Ocean# 

Uith  respect  to  otixer  rcf^ions  of  tho  V^orld  Ocerui,  up  to  a  recent 
tirce  we  had  no  data  v;h&tsocvcr  at  cur  disposal  which  would  chorreter- 
iz3  the  comvme.l  distribution  of  tl'i©  doen-sca  fauna.  In  19^9  -he  o:t- 
?lor'.'tions  of  the  "Vitj'us*" .  were  be';u2-i,  v/hich  cjncotipanced,  in  the  pe¬ 
riod  fron  19A9  to  19-35,  the  deeps  of  the  Seas  of  Japan  and  of  Ohhotsk 
and  of  the  Berin,'!  Sea  and  of  tho  adjoining:  ropiona  of  tl'.e  Pacific 
Ocoen  at  a  total  area  of  more  than  3  nillion  The  results  of  tho 

prcllnincry  reneralize.tion  of  these  date.,  illuetrcted  by  a  achcr.ae  of 
cualitctivo  distribution  of  tho  bottou  fnunn  in  the  Far-Ea.'tom  seas 
and  in  tho  r.ortli-  wootom  part  of  the  Pacific  Ocean  (Pi<j.  o),  ore  niv- 

en  in  article  by  L*  A.  fardcovich  end  Z«  A,.  Filatova  /fS/ •  Accoraui;; 

> 

to  these  authors,  tha  qualitative  distribution  of  tho  bottoa  fauna  is 
detominsd  basically  by  tho  extent  of  isolation  of  the  soa  basin  .tob 
the  open  ocean,  by  the  decree  of  retaotanocs  of  a  -jivcn  re^jicn  ^rci; 
shores,  and  by  the  depth  of  the  hebitat.  On  tho  basis  of  compi risen 
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Pi;-.  <5.  cichame  of  qualitative  distribution  of  the  bottom 
fauna  in  tVio  Po-r-Sasteni  ooas  and  in  the  north-'/estcm  ..^rt 
of  the  Pacific  Ocewi  /aS/. 

1)  Fauna  of  ovcrgrovfin^  (sponi^os,  h:q::roids,  bryozoans,  etc); 
a)  Schinarrchniu."'  .paruia;  5)  Cardiun  ciliati.Da#  etc.;  4)  i-n** 
coma  calcarea;  5)  Ophiurr-  saroij  6)  Small  bivalves;  7)  Helio- 
Eietrr  glacialis  —  Ophiur'.'.  sarsi;  8)  Po;;;onophor?  ,iibo£:linuni; 

9)  iliacellanoouB  Polychaeta;  10 )  Irre.'jular  ao&  urchin  Sris- 

I  . 

aster;  ll)  Hyaline  sponcjss  (Trir.xonida ),  Holothurioides,  Fo- 
<£■  onophor- etc.;  12)  rotenilla  synbiotica;  IJ)  Laaellisabella 
rachsij  otc.;  14)  Slpidiidao,  Psychropotidao,  Porccllanasteri* 
dae,  etc*,  15)  Spinula  (Mallatiidae,  Pivalvia);  l6)  Elpidia, 
VACcellicaphela,,  Thalesseana,  etc. 
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oi  faunc  in  ths  sane  vertical  zones  in  various  parts  of  tiie  whole 
vast  explored  re:.;ion  the  authors  arrive  at  the  conclusion  that  differ¬ 
ences  exist  between  the  fauna  of  the  aublittoral,  the  bathyal,  p.nd  the 
abyss  cf  the  r-iSr.^inal  Far-^astem  seas  and  the  faiuie  of  tiie  ccrros.wond- 
inc  vertical  zonos  in  the  adjoining  regions  of  the  Pacific  Ccann. 

L*  A»  Senlcevich  and  2.  A.  Filatova  show  for  the  sublittoral  of 
the  Far«2p.stem  seas  a  series  of  verioua  coiasiunltios  whoso  composition 
and  distribution  is  dotemined  by  their  fixation  to  the  various  levels 
of  the  sublittoral  (the  upper  end  the  lower),  and,  v;ithln  each  lovol, 
primarily  by  tlie  nature  of  the  soil,  ns  vrell  as  by  the  geographic  loc¬ 
ation  of  the  area,  the  near-bottom  temperuturo,  end  by  the  currents* 

"In  the  bathyal  of  ths  Sea  of  OkhotsI;  and  of  the  Bering  Sea,  os  well 
8s  near  the  oceanic  coast  of  ICa.'nchatlca,  a  very  characteristic  in- 
feunr-.l  blococjnosis  has  over;,nd'erc  e  considerable  development,  vjhere 
the  irregular  sea  urchin  Brisaster  is  ths  predominrnt  species,  along 
’••fith  t;gjically  soil-concunin.;  and  detritus-consuminc'  species  ccconpany- 
in,_  it  —  Otenodiscus  crisp?. tus,  Trochofton?.  (in  the  Sea  of  Oldiotslc), 
or  Joldia  heringiona,  Kolothurioidea  (in  the  Bering  Sen)."  Uitli  re- 
c:'sct  to  the  abyssal  zone,  in  the  Bering  Sea  it  ia  "...char.?ctorizod 
by  the  deep-sea  comzKunit^/,  which  contains  varioiis  hyaline  sponges, 
Kolothurioidea,  Actinaria,  lar^je  Bathysiphon,  and,  of  Echiuridoa,  the 

J 

fatinnclll?.  grzeilis."  For  the  abyce  of  the  So?,  of  Okhots^the  authors 

r 

indicate  the  commuiity  Potamilla  S;/mbiotica  for  Its  lose  deep  parts, 
and  tJie  coonunity  of  Pogonephora  Lamellisabolla  zachsi,  Poraminlfera 
Tathysiphon  end  2chiuridoa  Tatienellia  grendis  for  the  greatest 
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depths  of  the  southern  besiu  of  the  Sop.  Oldiotslc.  Finally,  two  coia- 
Fiunities  are  nanod  for  the  open  areas  of  the  north-western  part  of  the 
Pacific  Ocean,  Typical  of  ttie  northern  slopes  of  tiio  ICurilo-Kaucbat- 
{jlaiys  Trench  is  tiis  cocraunity  ;;here  various  species  of  Polycl  r.  -.t'-  .•?•-?- 
dotninato,  “ihe  bed  of  the  Pacific  Ocean'  is  occupied  by  a  fairly  uni- 
fona  coraijiuiity  of  typical  deeji-ssa  oceanic  species,  nost  characterist¬ 
ic  ajjiorvjy  which  are,  of  Holothuricideaiv'the  Blpidiidre  end  Psycho ropo— 
tidr.o,  of  Aotcroidea,  the  PoEcoilenacteridae  and  Priein'-idae,  of  oca 
urchins,  the  Pourtr-lesiiaaa  and  Tchinothuriidae,  several  3pt=^ciMi'  of 
Adtiniari?,  nadrsporo  corals,  Bathycrinus  lily,  end  of  Polychaotf.,  tho 
rcpreoontativQS  of  the  fsjailies  Mnldanidao  and  Ainphtretideo,  A  very 
cbai'actcristic  maKihcr  of  tliis  cottTVinity  ia  tho  universally  cnco’.U'it;red 
biv!:lvs  of  the  family  rnlletildao,  the  Spinulr  oocanica,”  (p2,;Q  ly9)» 
IT,  Goitolova  offers  a  much  more  refined  systoia  of  the  doe"'— sea 
bottom  coptnxmitic:;  in  the  abyssal  parts  of  tl»e  Sea  of  Okhotcl:.  rr.d  iii 
tho  Bcrirg  Sea  iii  the  area  of  the  Kuri7e-Kamc!n;tdca  .  Trenc'i  /55,  ~:h/. 
On  the  basis  of  'iuantita.tivi  relationships  of  various  rop resents tives 
of  the  botto!!  fauna  in  swoopirvv  hsuls  from  depths  exccodiny  lOC’O  ra, 
bol'olova  distinguishes  11  basic  and  6  trrnsi’c.ioncl  conmunivios  and 
^-;;avr-3  thoir  occlo2;icjl  chare ctorin tics.  Four  of  these  cor;!;tunitios  are 
encount.'red  at  depths  batween  1000  and  JOOO  n,  one  at  depths  of  lOOC' 
to  4C0C  m,  seven  are  f isat 'd  at  depths  from  pOOO  to  yl-40  n,  and  four 
are  finalljr  chercctaristic  only  of  mo.xiai'jn  ocean  depths  of  uers  than 
oCOO  Vi*  On  tho  ground  of  wialysis  of  feeding,  of  tho  prevailing  spe- • 
dies  in  each  coeiHuhity,  the  chcradteristles  of  alijB.<»atary  i:roupin^;3 
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of  tho  bottoa  invertobrntos  in  each  cosanunity  end  of  nutrltlva.'  inter-^- 
relationshipo  within  the  consnunity  are  given*  Ab  Sokolova  points  out, 
tha  gr^ff.tor  part  of  deop—see  bottoa  invortebrotes  bolon^^s  to  soatono- 
phags  ‘-'.nd  to  coil-cono'anora .  Iherol'oro,  according,'  to  the  opir.ion  of 
this  aut^ior,  the  peculiarities  of  distribution  of  tlastic  deposits 
and  of  the.natsrial  suspended  in  tlie  near-bottom  layers  of  water, 
stipulated  by  the  velocity  and  direction  of  abj>asal  near-bottom  cur— 
rentn  which  ero  in  turn  dependant  on  the  natti.ro  of  tho  r:>liof  of  the 
sea  floor,  mat  havo  tho  decisive  importance  for  the  distribution  of 
the  deep-sea  benthos*  Scoloyically  monotyplc  deep-sea  bottom  commune 
itios  have  been  identified  by  Sokolova  a[t  various  depths  of  the  ex¬ 
plored  region,  et.:sinilar  conditions  of  deposit  accumulation  and  of 
distribution  of  nocr-bottom  suspended  material* 

Refpjlarities  of  tlie  Ohanj;e  of  Opapoaition  of  tho  Bottom  Fauna 

with  Rcsoect  to  D<>pth 

As  tiia  depth  of  tho  habitat  increases,  a  sharp  decline  in  the  a- 
bundance  of  species  in  the  bottom  fauna  takes  place*  “This  regularity 
ms  obsorvod  oven  by  Murray  ss  a  result  of  generalization  of  data  con¬ 
cerning  the  number  of  spocioc  in  sweeping  catches  made  by  tlie  "Chal¬ 
lenger"  expedition  (Table  5)« 

Complete  lists  of  species  prevalent  at  depths  exceeding  JOOO 
are  given  in  the  Reports  of  trie  Swsdish  doop-soe  expedition  of  1947-- 
Per  a  number  of  systeciotic  groups*  Information  on  tho  dis¬ 
tribution  of  botton  invertebrates  at  great  depths,  reported  at  tho 
Fourteenth  International  Zoological  Congress  (published  in  the  'col- 
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Icniicn  "Cri  the  distribution  end  oriftin  of  tb»  deep-S'sa  bottors.  fmtinf..*' 
Union  li'itsrn.  oct.  Z-icl.,  Ssr.  3.;,  Ko.  16)  and  in  tbs  s^-jconc. 
vol'-ur.c  of  the  "Oalathoft  foport, "  r--  vrell  f;.s  cntr.  on  procossin.,  of 
d . j'i  Ov'.\ loot \''r.':>  cf  t^'io  ’’Vitya;’.*,**  p-’rtially  published  '.•r.d  p.''rt- 
ially  reportsd  to  us  by  a  nnnlKer  of  apocis  lists  enfrayof)  in  prooossijp'' 
t'.ess  collections,  eorvo  a-  a  r.up« ic?,Eent  to  tiio  above  data.  By 

Table  p 

Av;r-,-ci  nv^vbcr  ef  £;.'ccie'  o<  hottctn  ;,niuv-Is  at  various  depths  in 


;-'.v  .t.-ipii;-,  cv  t;  os  o: 


.'nc  "Oils lion  Si’"  ( acoordin^^j  to 


jjoptn  in  a 


buaisar  of 


Avers  o  miubor  of  spoclss  ^nr  ctex.ic!n 


3tr,.tic'ns 


:,oh-:.  tlvan  180 

!A0~!XX> 

'.xo— 

1800-27f)0 
2700-360) 
3fj00  -4500 
4300 

*^.or  •-•-..(tri 


1 

I  47, J 

i  1'6,8 


h:is  inf'O'jri.'r-.tion*  it  ponribla  to  obtain  bett:;r 


ni.'ti'oro'.itoon.’.d  indiC'.'.  torr-:  of  the  chf.nj.  o  jn  the  nbundenrie.  cf  species  of 
t!.o  bettc.”'.  f's'jns.  vitii  roavoct  t;,  the.  incres’ce  of  depth.  .tueV.  incico.t- 
ort.  dor  Id  vr;riou:i  r;ro’.;in;3  oi  bettoL.  oe-ilucls  are  rrivon  in  abaciutc  vc.l- 
u~--  in  Tnl'.lo  6  "  ''-nd  in  pei'cnatile  oxrjrof-i-^ioas  in  Table  7*  A.s  can  be 
"~1  ~'.'ltT~'rer-pcct  to  crus  toe  .r  u  .t..pViipod;- ,  the  rocontly  pubiiohsd  dots, 
on  iL.naln;  ri'vo  no.-  specieo  in  tho  re  ion  of  the  ihiarto  ?.ico 

r 

I’r.ench  ,ero  also  p.cocdrxtod  for. 

2  it  sho’-'.ld  be  borne  in  rind  that  coHect5.oni:>  both  of  "Galatlica" 


'rni  of  "Vityr'/.*"  hsve  been  up  to  this  time  only  partially  pro- 
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Ghaii^e  In  the  Nusber  of  Species  of  '/arloua  oott,o;u  Invertebr 
wit -i  Respect  to  Incrense  in  the  Depth  (Absolute  v'aluea) 
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Tabla  7 

Caience  of  the  relative  abtmdance  of  species  in  various  i^roups  of 

bottom  invertebrates  uith  respect  to  increase  in  the  depth  (in 

per  cent  of  the  total  n\aaber  of  species  of  the  given  group) 
Groups  of  bottom  animsl® 


^  :) 


Habitation 
I  by  depths 
in  m  •  . 


Dcooer  than 
■  ‘  3000 

4m 
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On  the  average 
(of  the  total 
number  of  8I>9? 
ciee  in  the  16 
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seen  from  the  tables,  the  number  of  species  of  all  lar-e  systematic 
groups  (types,  clast'es,  and  in  several  cases  orders)  of  which  we  have 
at  our  disposal  oorresponciu-  d-ta,  diminish  re-ularly  and  rapialy  a:: 
tlas  depth  increases,  but  this  impovorishnent  is  expressed  in  v,:rlcus 
de^-roes  for  different  t^roups.  Polychaota,  Holothurioidea.  and  Aster- 
oidea  are  characterized  by  l.i^hect  absolute  indicators  of  the  number 
of  species  at  dc.^ths  of  nora  than  pOOO  n.  Cphiuroicaa,  crustacesn 
laopod:-,  „  s^a  urchins,  Actiniaria,  end  Bryo'AV.-  are  also  repreaentsd 
bv  G  cons idsrs-blc  nursbor  bldoso  d<.pt-hs* 

Konover,  at  depths  exceeding;  tho  depth  of  the  ',/orld  Ocean  bed, 
clearly  predominant  e.bovo  all  other  t;roup3  with  respext  to  abundance 
of  3.'.=c:.03  arc  only  Polyci'.aetr.  and  crusta.ioan  Amphipoda,  According, 
to  t!-.e  abundance  of  species  at  those  yr.at  depths,  Holothuroidm.  oc¬ 
cupy  the  tl'ird  place  cridc.ro  follov/od  by  Amphipod’’  and  Po^^cnopborc  • 

/.ad  finrlly,  only  individuc.l  reprssentativeE  of  relatively  few  f'roupo 
of  bottom  animals  descend  to  the  mauinur.  de-.-ths  of  ocean  trencaos 
(9000  end  Tiore). 

Po^^onophora,  v.'hicb.  arc  b.-sically  deep-sea  animals,  stand  out 
sharply  among  all  bottom,  animals.  About  60  per  cent  of  spe^’-^ 
gonephorr  inhrbit  depths  er.coedins  50C0,  •’nd  almost  JO  per  cent  inhab¬ 
it  th.D  yreatoct  daptlra  of  ocean  trenches,  excesdini:  6000  n.  Up  to 
t  ds  time  only  21  p®r  cent  of  r*o^;cnophorr  species  have  been  encountor- 

- - Ves'sea;  predomLnantly  these  from  ^.isr.imu’i  depths  ( exceedirVi.;  6OOO 

m).  The  ditf.  given  in  Table  6  are  therefore  somewhat,  oxaegorr- tadi 
which  pert*  ine  print? rily  to  depthr?  from  JCCO  to  6OCC  u. 
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od  at  depths  of  less  than  1000  m.  Mong  the  remaining-  groups,  Schiuro- 
idea,  about  10  per  oent  of  whose  species  inhabit  depths  exceeding 
6000  m,  are  characterized  by  the  hijjhest  degree  of  deep-sea  occurrence. 
They  are  followed  by  Holothurioidea,  about  2  per  cent  of  which  at'c  oa- 
coxmtered  below  (SOOO  a,  and  by  crustacean  Isopode  (1.4  per  oent). 


Fi;'.  7*  Decrease  in  the  nuwber  of  species  of  sooo  groups  of 
jziarine  bottoa  invertebrates  vrith  respect  to  the  increae  in 
depth  (  in  per  oent  of  the  total  nuaber  of  species), 
l)  Echiuroideaj  2)  Holothurioideai  5)  Actiniariaj  4)  Amphipodaj 
5)  SuKEcary  dr.ta  for  16  various  groups  of  bottom  invertebrates. 

'ihs  porcentcg«»  of  species  penetrating  depths  of  raore  than  6000  n  does 
not  exceed  one  per  cent  for  all  the  roaaining  groups  of  bottom  eniaala. 

r 

It  is  significant  that  representativoe  of  all  the  four  above  mentioned 
groups  penetrate  to  maximum  depths  of  the  order  of  10000  m« 

Figure' 7  shows  curves  characterizing  the  decrease  of  the  number 


of  5!pocies  c.r>  ^±3  dopth  incrofiacs  for  certain  proiipa  of  bottom  invert- 
r.oTCtf^Sf  Tine  tno  central  curve  for  16  ^^rouus,  d'vte  on  which  are  /.ivon 
in  ?‘".bloa  6  er.j,  7«  A 2  c-'n  bo  fro'o  i.hic  fi  :ur::  ai:.d.  fablo 

t’ic  pcrcentr-..;o  of  vor.utr.-iricn  of  tho  bottom  fniuia  to  evov.^  doptha  ia 
for  all  of  the  avcr'^rc  amnll:  only  per  cent  of  nil 

species  doscond  to  -leothr*  exccodin.-;  JOOC  ra,  and  only  0*h  f  C(?nt  of 
spec;.*?3  .‘^re  fciud  nt  depth:;  of  r.cr^  than  6OOO  m  in  the  deop-so?:  ocean 
treriohea#  Such  io:;  ::ver*  ru  inaievtorr:  cro  c^ipulo-tad  by  the  fact  that 
rcunrs  :U'Vi:r  l‘;o  Isrprj.et  mniber  of  CvOciea  (tophipcca,  Polyc'' note, 
Er'/orce,  joul  .’yaroidco ;  arc  cbrrec  toricod  by  tho  lowest  do,proe  of  oc- 
currcr.co  in  the  deep  cer  (on  the  avorvye,  l.Jp  cor  cent  of  3pecio:>  bc- 
Ic^^  ;CCO  hi  tnid  Q.f-'-*  per  cent  below  6000  :iu  fhe  );iwheat  doyroo;  of  doo*‘-^ 
aea  cccurrcncc  bolo:r  *=•  to  proupn  hr'V?np  the  sraellest  nunber  of  species 
( ? o,' :  c::cpb  c  r  n  c .  j.  u  i'o  i  c  e a  )  • 

Tiis  ob*;rrv;^d  re:_:ulrrity  emr-reai.'e?;  t'ic  character  of  tho  c:har^;e  in 
the  rVvridwncc  of  •:p3CiDa  w.^th  ro3‘;cct  to  clooU:  in  a  most  /cnoral 
A  'Jnt?iiod  r^:r...in:‘‘tion  of  the  vertical  cistribntion  of  v^rioun  cyst^-r-i- 
etic  ;',rouf3  of  bottom  invrrtebr:’ tec  by  uiiterc^rit  levels  permits  of 
iiecov^^rin:  some  etheu"  peculic^.riti^c^ 

h*  (i#  '/tneyrr  dov*'.  /Ip,  iA*/  pointec  out  that  the  decrceee  v.*  th 
doptns  of  thd  nxrr^Cer  of  Mpecica  of  c  ^iven  proceode  uuiUJ.'.liy  ir¬ 

regularly*  Tnoro  arc  zones  of  e.  faster  rnd  olov/or  decrease  end  even 

r 

of  a  certain  iucroeee  in  tl'ie  number  of  v^pecies*  Tliuc,  for  exemplo, 
the  n’unbcr  of  Coelcnteratc  which  occur  at  dopUis  of  — pOCO  m  ?nd 

moi-e  io  larper  that  rt  the  superinc'-imbont  ievoL  of  2000 — f'pCO 


A  certain  incrcf’ss  in  the  nuraber  of  s'-.ecies  of  a  score  of  Coelentercte 

observed  also  at  depths  of  A0C0*****“5^^^  Similar  maxijiunis 

“  •  .it-M 

in  the  process  of  fluctuation  of  the  total  number  of  species  at  the 

sfMe  levels  are  characteristic  also  for  sponges,  Asteroidaa,  Holothu- 

rioidea,  end  a  number  of  oohor  ;;roup3.  Such  maximu!'.3  ere  especially 

clearly  defined  for  certain  specifically  deep-sea  groups  of  a  lower 

taxonomic  rsnk  (roncra,  familiss,  and  sometines  orders).  Ihus,  on 

the  basis  of  analysis  of  the  vertical  distribution  of  Kolothurioidoa 

of  the  .dlasipod-  order  in  the  Atlantic  Ocean,  3aaan  /50/  records  an 

incrscce  in  the  nuraber  of  species  of  this  group  at  depths  of  2000— 

—5000  and  AOCO — 5000  ra.  2kman  cites  very  interesting  data  on  tlie  de- 

;  roe  of  deep-aea  occurror.ee  of  this  group*  92  per  cent  of  Ilnsipodn. 

fe 

species  dwell  below  1000  m,  and  80  por  cent  below  2000  n.  As  Vino- 
,,radova  /I'd/  points  out,  the  depths  where  the  increase  in  the  number 
of  snecies  is  observed  correspond  to  zones  of  the  strongest  chenf.e  in 
the  fauna,  i.  c.,  to  zones  where  a  large  number  of  nov/  deep-sea  spe¬ 
cies  of  bottom  invertebrates  enorge  and  the  species  fixed  to  losjor 


depths  disappear. 

Summarized  in  Table  6  are  the  data  on  maximam  depths  of  habita¬ 
tion  of  most  of  the  larger  groxips  of  bottom  invertebrates.  As  can  be 
seen  from  this  table,  representatives  of  a  huge  majority  of  groups 
inhabit  debths  which  wero  only  until  recently  considered  lifeless,  .  ;  : 

vd'.ilo  mo'jbhrc  of  ton  groups  dv/ell  even  at  maximum  depths  of  ocean 
trenches,  at  9000  m  and  more.  It  is  of  interest  to  note  that  maximum 
dopilis  of  habitation  x’or  all  groups  enumerateded  in  ^Table  8  were  es- 


Table  8 

Maximum  depth  of  occurronco  of  reprosontniive  of  various  ^'roups 

of  bottom  o.nimals 


Group 


Foritminiieid 
Spongia  .  . 
Hydro/oa  . 


Scyphozoa  * 
Oclocorallia 
Hexacorallia 


NomatcnlfS  .  . 
Neirwrtini  ,  . 
Priapiiloidea  • 

Sipunculoidea 
Echiiiroidca 
Polvchnela  .  . 


Soleno^rnstres 
Loric.ilii  .  .  . 
Scapliopodj 


Osirncrda  • 
CirritHHiia  . 
lsop((ta 


Afnphip<  da 
Tiinaidacea  . 
Cumacra  .  . 


Decapcda 
Panto pcda 
Bryozoa  , 


Asterotdcfl  . 
Ophiwroidoa 
£cl)b\otdea  . 


pepth  Decp-aea  tr.-nch 
Ln  m  i 


Oastrtpoda  .  .  .  .  . 

Bivnlvtn . 

Ceplialopoda  Octopoda 


UTOO 

«6t0 

ftilO 

mo 

mo 

10190 

4510*1 

7:^10 

7*Z10 

mo 

m\fo 

MMOO 


4850 
6li10 
6t>30  I 

OfJOO  j 
lOltO  I 
8100 : 


llcilotlmrioidca’.  •  . 

(>inoldea  ,  .  .  .  . 

Pccrnopbora  .  .  »  . 

Enti’r<'pnfuMa . j 

Asodiac 

Pisces  . j  7zlO 

Ths  original  indications 


f»850  I 
0(^*4  j 
0770  { 

•»770 
8zln  • 
7;j6  ■ 


rcMio 

mo 

58:, 0 

75H4* 
7^80  I 

7zW>  j 

, 

lOlPO  i 
fClfi  I 
n70i>  ! 


iicT)cdlticn 


of  V.r^f:^tcd£l  Cit 


Kuri 1  e-Knnch?  tsa 

"Vityc  z*" 

R 

a" 

Kerne  di?k 

"Crslsthea" 

Kuril  e-Ka;r.ch  a  t,  ka  ^ 

"Vitya'/*" 

"  i 

i 

Philippinefl 

"C-a  lather." 

'Kemiadek 

tt 

Kuril*-Ka'ichatka  • 

1  "Vitys.?;*" 

M 

R 

KorE?.Rd«k 

,  "cjelathcn." 

PhilioTiines 

i  " 

« 

1  " 

Kurile-Ka^ich*  t  fca 

I  «7ityp.'/*" 

Pyu-Kyu 

1  " 

Javan 

j  "Gf.lt.thoa" 

Kur  i  :vchatka 

!  "Vityaz*" 

Philippines 

"Cjf.l'  then 

iCutil  e-Kcuchr tXa  . 

'  "Vityaz*" 

Kema.dck 

"Grfilathoa" 

n 

!  " 

Philippines 

n 

n 

(1 

Kempctek 

tt 

Alsuticn 

"Vitya  7.’" 

Kameciek 

"^alathoa" 

Ku  r  i  ?  •  -Kainche  tka 

Kama  Cl  ek 

"Gal'- ther." 

Meritmas 

"VityfZ*" 

Aleutian 

It*’ 

Panda  iaa 

^Galr.thea" 

Philippines 

« 

Idzu-Donin 

KuriJe-Ks’sehetka  . 

u 

R 

n 

fl 

n 

R 

i  H 

concemiri^  the  ^indlr^^,  by  the  •Calathe 

ri,  of  Daespodr.  et  6?60  m. 

pnd  of  Aster 
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tablishod  only  during  the  racont  years  through  work  of  the  "Galetnea* 
and  "Vitya?.**  axpaditiona,  which  clearly  illustrates  the  accotaplish- 
juents.  of  the  lost  docade  in  tha  field  of  deep-sea  explorations* 

Ihe  data  on  vertical  distribution  of  botton  eniroals  in  the  Kurilft- 
‘  Kaiacha-tli« v'-  Trench,  vrtiich  has  been  studied  in  greater  detail  than  any 
other  deep-soa  trench,  are  given  in  the  article  by  L*  A.  Zenkevich, 

Ya*  A*  Birshteyn,  and  G.  M.  Belyayev  /27/*  Uicse  axithors  made  a  com¬ 
parison  of  the  relative  content  of  the  biomass  in  individual  syate~at- 
ic  groups  in  terras  of  percentage  of  the  whole  fauna  at  various  depths 
in  this  +..ench  (Fig*  8)*  It  is  evident  from  Figure  8  that  the  rela- 
tior  p  of  the  biomess  of  various  groups  chaiiges  with  respect  to 
depth  (a  sh.arp  decreso  in  the  importence  of  sponges  at  depths  betv;een 
1000  and  2^00  m,  the  predominant  role  of  Holothurioidoa  at  depths  ex¬ 
ceeding  7000  m,  etc*)*  Hhe  most  abrupt  change  of  the  percentile  rela¬ 
tionship  of  various  groups  (by  v/eight)  is  set  at  levels  of  1000-^2500, 
around  5000,  and  between  7000—8500  m*  The  examination  of  tho  vertic¬ 
al  distribution  of  tho  bottom  fauna  in  tho  Kuril.  -Kamchati  Trench 
from  various  viewpoints  permitted  tho  authors  to  define  several  lv^vel% 
biaea  at  /6'50  m  /45/,  utilised  in  the  v;ork  of  L*  A*  Zonlcovich,  Ya.  A* 
Birshteyn,  end  G*  K*  Belyayev  /27/,  proved  to  be  erroneous,  inastruch 

J 

as  articles  devoted  to  processing  of  materiel  of  tho  "Galatliea"  on 

r 

these  groups  indicate  the  maximum  depths  of  occurrence  of  ITeoatoda 
and  of  Asteroidse  as  4510—4570  m  /80/  and  6?50 — 7000  m  /64/,  re¬ 
spectively*  The  depth  of  occurrence  of  Decapoda.  has  been  corrected 
according  to  a  personal  neosege  of  Prof*  A*  Bruun* 


i 


each  level  boin..  e'r,..'-..ractericed  b^r  itc  own  bottom  faimn,  apcCxiiC  lor 
jt  to  a  certain  oxte,nt.  A  do-tailed  exenin'-tion  of  tVie  scheinos  of 
V  :.'f‘cr.'l  .'.cnatten  of  ‘f-'=  ■..'orlci  Ce  e-r.,  proposed  by  var-'cuc  authciT,  :.-i 
'ven  in  the  article  h'’  n*  G»  /ir<.o, -e'^.coTO  >  Ya*  Bi*  :»rj  i<c,7n» 

Vinopradoy  /15/,  nbich  io  public.bod  in  this  collection.  Here  one 
3l->culd  only  note  that  the  ijiveeti:  ntion  of  feuna  of  t^ie  Kurilo-Kfao- 
cr.-tka  Trench  pemittea  to  expose  the.  specificity  of  faiuia  of  the 
r^:.et.,;st  coeen  d:-,otr.oj  a.e  a  resnlt  cf  this,  L.  A.  Zenkevich  /Ih--./  ^-0- 
pc.':ea  the  teev.  «ultracceanic“  for  d-iji-'s  cxcaedia-:  6000  r.c,  a.'id  the 
to.r:-  "'JT' rc-deciJ-s^a"  for  the  foiAr.a  inhabitinf'  tneae  oopths.  nio 
tor;  ultras  bps  c“  ar.d  “ultrn&byGcal  faium"  (for  dentl-C  of  noro  than 

c-CCC  m),  proposed  by  Ya.  A.  Zirchtopr.,  usra  esployed  in  cubscouer.t 

of  L.  A.  Zenkevich,  Ya.  A.  birGhtcr.'-ri,  and  0.  M.  Bol^r-ycv  /,a.  ,  <dl/ . 
"n  19'bi  A.  Bruvm  c<!.’.o  on  the  basic  of  conar-risen  o'?  drta  obtained  for 
a  scora  of  deet-sea  trenches  by  t'.ic  "palathoa'’  to  an  Enlo.,Oi'.3  ccnclu- 
ricn  concomin;-:  the  specificity  o.  f''.uno  at  preatect  d=5pti)a  of  ocor.r. 
tr.'nciios,  :.nd  precoaod  ri.e  tora  "had-l"  for  depths  ncccedinr:  OOOC  n. 

Ultr''.ifr,y3ca  1  Fermn 

'eV;o  r.-„..te.irtic  ccnncsiticr.  o.  fav-n,^^  cf  /'i^xinur:  oc.:'an  depths  las:, 
r.ct  teen  cotip I  ’tely  iiiv  .a  tip?  tod.  Aa,  ha-;  ooen  point  i  oi-  pr. 
vic--.-.:iv,  the  r-eoultn  of  yrroee^in  of  collectioi’S  ;:iade  by  t-'.c  "i.sic- 
t'.  ea"  are  pubiished  onry  p.rrtv  l]y,  v;bile  the  publiahad  rcsul'-c  c:  the 
,,r,r.?  !i  i^cl lections  ar  e  even  los;;  cc:.v>letc,  and  tne  iuily  occ^'.70.- 
C’-’d  published  coltc-oticns  oi.'  the  ■sv.Md.a.cn  **Alo;troo-7  xx  h*  •'••••  r.. 


nt  a  c.-iall  iiucb-ai-  of  t;  cede? 
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ITotvPlthstandinE  the  impof:sibiIity  to  offer  a  general  characteristics 
of  the  composition  and  geographic  distribution  of  the  ultraabyssal 
fauna  on  the  basis  of  materials  published  up  to  the  present  txaio,  a 
SLrtm’a’ry  of  the  available  data  is  still  of  a  Certain  interest,  since  it 
permits  of  stressing  the  important  peculiarities  of  the  population  of 
maximum  ocean  depths. 

It  has  been  shovm  in  the  preceding  chapter  that  in  tlae  ultraabys- 
srl  7.cnc,  i.  c.,  deeper  than  60C0  m,  almost  all  groups  of  bottom  ani¬ 
mals,  except  Uolenogastres,  Loricate,  Ostrecode,  Brachiopoda,  anc  ary- 
onoa,  arc  encountered.  Data  on  systematic  composition  are  published 
only  Por-minifera  /W>  Hydrosoa  /62/,  Actiniaria  / W ,  Octocoral- 
lia  /6^/,  Zchiuroidea  /2h/,  Polychaota  /58,  59,  59/#  j-lysidscea 

/!!/,  Isopods.  /a.  69.  Bl/,  Tanaidacen  /82/,  Amphipodc.  /T-V,  Paniopoda 
/55#  Crinoidea-/55/>  Asteroidea  /6V»  Ophiuroidea  ^cuino-dca 

/6V,  Holothurioidea  /5c,  65/.  Pegonophore  /29/  50/,  "nd  Pisces  /h/. 

Forrninifera.  Z.  G.  Shchedrina  notes  that  the  Foranir.ifero  fauna 
at  depths  of  more  than  -6000  m  in  the  Kuril^-Kamchrtkic  .  ,-  -nch 

ch'^  rcotorir.cd  by  a  sharply  expres.sed  singularity  of  spocies  con'^ont. 
Alto-ether  12  species  ware  foxmd  at  these  depths,  out  of  ^rhich  ;  are 
net  also  at  les rer  depths* 

Hydror.oh.  Three  species  are  given  for  the  Kemcddfc  Trench,  in- 
eluding  tv/q  nou  species* 

Actiniaria.  Six  new  saecies  from  Philippine.,  Java  ,  Band^  Sea, 
and  Kei^iadok  Trenches  are  described,  tvio  out  of  which  are  segrO;,at-d 
into  a  nevr  genus  and  a  neu  family,  and  one  into  a  new  genus. 
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Octocorc-l?.i8#  Only  one  Unbellule  cojn^l,  v/lioao  3.*>ecico  not 
boon  identified,  i«:  rno\m  ir>  tho  KojrrTnde'-  Trench* 


fcV.iuroidej? •  Fiv  ^  no-; 
scribed  for  tlio  Ki^riie-Xo./.-olr  t'ka 
Oit  of  thooo  five  ^erodos  only  one  3 
thon  v^COO  n* 


end  tvre  nevr  ronora  fV'.ve  been  cie- 
.Meutian,  An-J  Ivh’iu-fouin  Tr  rchoo* 
c  -oriOoarlt^^r^•  4  et  ;;.';Oi:he  of  leo‘5 


Poly 

•o-'.C'.;it5..  Indie': 

^tcd 

fer 

'\‘hc 

•h^'la  .vp. 

Torib-jlli. 

S  0 

;•  rn  • 

s  ^  • 

1  DCies , 

ii'.cludiii-:  five 

n  3v; 

t-.'jd 

•tT;o 

,e-f.a.'xh.'‘ 

t  ka  .  Ti'onolij 

r  ncl 

fif  t 

■•on 

f.r-va  - 

'.'•-•■ti  vii'i  .-ji  cpcc: 

Ir.s,^ 

fo'i’ 

the 

“'.'*.0^:;^-?  'k  Trrnch'is* 


Puerto.  Rican  french  arc*  ?;aco?licn- 
I'ict  idontiiiod  eii  tc  orccfe-c;  nine 
unidc^ntified  cpocics,  lor  f.no  ICr;ri-- 
3poc3.e5J,  inclucinj  ti.roo  ne*/  Oiio 
rhiliyi:-ine-  ,  Jr  VO  fer,  c:-:d 


hvTvd'  cor'.,  ^10  only  hot  to- : 
hr.'.:  been  ib*ccr3.bod  for  the  ibiri]  e-Xa?  ;C;: 

Icoyoda.  A  no';  nonuL^  and  ^ocoiee 
dc::c’'3b::d  for  'ho  Puerte  hic'ne  Trench; 


by-'ocnl  ejeccioc,  L’rynr., 

'V-ka  Tr.;uch. 

?.^^hyoi^‘^unio  nybolini  h"'*’  been 
o'-eLv?  :nn:c:lo:3,  Da'iCluclany  nine 


no::  :;  .-.eoie:: ,  for  the  Phili'*.  Lno  ,  Sc**,  'teed  Ker.'.v.iOe  Troncho:;; 

o::;  no’-  r>:.ycios  rnd  one  nev;  cnbcwoc\r33  of  e  yo\ya?J  Storehye  .urn  for 
tie  tka  ,  Jroen,  A.lcutio.n  frenchee  (tho  renaininy 


./r-va  :r.:re  i:ct  yet  been  y ) * 

j.>nc.id  onrc*  liAre-;  n:  .oc?n-js  are  loaov/n  in  the  Konirdok  Trcncli,  one 
out  of  nhich  hvz  boon  royreyobvd  into  a  apecirl  yenuo  Kerpotmaic,  ono 
repreecntc  r.  nevr  species  of  the  p-onuo  Apeouiden,  end  one  hno  been  do^ 
scribed  a  subepec-iee  of  the  b'eot^ncic  oerratispino'ran  species, 
provicusly  in  the  northern  Atlantic# 
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jixiipliipods *.  According  to  dfi'tif.  of  D&l^j  iiiiowod  in  .(olii^s  worlc> 
in  the  tranches  explored  by  the  "Galathea"  16  species  of  bottom 
lateral-swiJiiners  v/oro  discovered,  nine  out  vf’'.ich  do  not  rise  sbovc 
60CO  n.  ?our  species  arc  indicetod  for  t!ie  Puerto  Bicsn  ultras  by;;  g, 
but  ti70  of  tliess  are  pelcjjic.  One  of  the  two  botto'^  species  is  new. 
Anohicoda  are  nuriorous  and  hctorogenuous  in  the  trenches  of  the 

north-western  oi  the  Pacific  Ocean,,  but  their  processin':  htxa  not 

yet  been  completed.  Anon"  the  material  processed  up  to  tliis  time  not 
only  nev;  spocie  s,  but  new  genera  as  well  hove  deen  foimd. 

Pontoppda.,  Two  species,  ITiiaphon  femorele  Page  in  tlie  Bands  Sea 
Trench  .id  Id.  orofundum  Hilton  in  tlie  Kurile-Ka;?.chat.ka  .  Trench,  are 
loiovm  at  depths  of  more  tlien  6000  m.  The  firot  species  has  not  been 
encovjit.-.red  at  depths  of  less  than  kokO  m,  and  the  second  at  depths  of 
less  than  5?.!'0  a* 


Orinoidea.  Bathyorinus  eu’strr.lis  (Clark),  previously  found  in  the 

Anteretic  at  a  depth  of  yo^pO  m,  is  ’mown  in  the  Ken ladok  Trench.  Re- 

!;re3G’ntctives  of  the  same  genus,  not  identified  as  to  species,  have 

been  collected  in  the  i:urile-Kamch'’lbka  Trench. 

Asteroidea.  Tv;o  new  species  have  boon  described  for  the  Kermade 

Trench.  In  addition,  a  very 'widespread  deep-sea  spjocies,  Sremicastor 

vicinus  (Ludwiy),  has  been  discovered  in  the  iCemadek  end  Java 
* 

TroncV:.s3  • 


1 


n 


t 

Jud£in£  by  Madsen's  /6k/  i 
the  lleiMadec  emd  Javan  Tr^ 


•sscription,  ‘oho  species  discovoi'od  in 
inches  at  depths  of  662D  and  upJO-^TOOO 


a  typical  dreaiicsster  vicinus  (Lusv;ig).  However,  Madsen  do- 
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..Ophixxroidea,  One  very  vridesprsad  spocios,  Ophiura  lovonl  CL^rasn) 
is  laiovjn  in  ths  ICemadec  Trench* 

.Ochir.cidcr.,  On.ly  a  single  opeoies,  poaeibly  identical  v;ith  tJ;e 
nrcvioualy  iTiovna  eurybathic  a  /oci.a  i-ourtalesic  cp.l  aurorae  ICoolcr 
in  the  Antarctic,  hca  been  discovered  in  the  ICertadah:  'Trench. 

liolothurioido?,  ’lolothurioidoa  of  the  ultraebysa  are  repreaentod 
by  n  lar;;e  luiriber  of  species.  Five  in  the  Philippine  Trench,  three 
ill  ViC  f  e.’.’  Britain  'Trench,  four  in  the  Keraadck  Trench,  tvjo  in  tb.e 
f’jcrto  luco  Trench  (not  identified  as  to  species).  Of  the  Ip  identif¬ 
ied  ultr?‘'bysap,l  species,  five  are  novf  and  are  not  found  at  depths  of 
l:sn  an  6000  m»  Out  of  tiicae  one  species  has  been  s-j;j:re:;;atod  into  a 
special  :;;cnU3  Hadalothuria. 

Po-onophorr,  T\'.'0  new  ^snora  and  five  spccios  h??vc  described  for 
the  Kurile-lCariichatka  -  Trench,  and  on©  nevr  species  for  tho  Japan 
Trench  /y^/ *  Only  two  of  these  six  species  have  been  found  e.t  depths 
ccribes  it  ’under  t’no  n^itie  of  £.  pacificus  (Ludv/it:),  considering.; 

E*  yioinua  not  to  bo  an  independent  species,  and  including;  it  in¬ 
to  the  3',’nony'uy  of  3.  'pacificus,  Accordin#;  to  data  of  G.  M.  ?o— 
lyayov,  viho  is  processing;  deep-sea  Astoroidec  from  the  “Vityas.** 
collection,  they  contain  nuiaerous  r ep res onto tives  of  both  species, 
wh'ich  have  a  fiully  independent  iruportonca  and  w}’ich  dif  .'er  sub¬ 
stantially  both  morphologically  and  by  their  vortical  distribu- 
'  tion*  3*  pacificus  is  laiown  at  depths  of  1570  to  ^*C^:0  Di»  while 
3,  vicinus  is  one  of  most  deop-sea  Asteroideo  and  is  not  en¬ 
countered  at  depths  of  less  than  pOOO  m* 
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of  less  then  6000  m*  Beaided,.lfiye  additional  representatives  of  Po- 
gonophora,  not  yet  identified  but  apparently  belonging  to  new  species, 
have  been  discovered  jn  the  Kurile-Kanichat  Trench* 

A  totP.l  of  11  species,  belonging  to  7  genera,  have  been  thus  nb^ 
served  .at  depths  exceeding  6000  m« 

Table  9 

Total  number  of  deep-sea  animal  species  of  the  ultraabyssal 
zone  the  number  of  species  endemic  to  it 


Group  Total  number  Total  number  of  Per  cent  of 

of  species  endemic  species  en{ieHic  species 

■A  , _ \ 

F  uniter* .  12  0  75 

H,:roz»a . 3  2  66 

ActiniarU  6  6  100 

OctocoralUa .  1  ?  ’ 

Iiehluroldea .  5  1 

Polydiaeta .  21  8  <0 

Mysidacaa .  1  1  . 

iMpoda . .  10  16  84 

Tanaldacea  . . .  .  .  3  2  67 

Amphipoda .  18  10  36 

!  Pantoja .  2  0  0 

I  aiooldea .  1  0  0 

{  Astefoldea .  3  2  06 

Opbioroidta .  1  0  0 

Holothurloidea .  13  5  29 

Pofomphora  . .  11  9  62 

Pbcet .  1  1  100 


Total  121  75  62 


Pisces.  Ooreprcctus  (Pseudolipnris)  amblystomopsis  Andr*  form  the 

» 

;uril«-ICanchatka,  Trench,  segregated  iiito  a  special  subgenus,  may  be 

r 

•  considered  as  the  only  species  of  ultraabyssal  bottom  fishes.  Another 
fish  of  the  genus  Bassogig-’S  vras  cavjght  during  sweeping  in  the  Javan 
Trench  at  a  depth  of  71JO  n,  but  there  is  no  certainty  that  this  fish 


I 


vras  cf'Avht  in  column  rst  c  lessor  d'rth  v,'hile  raic\n;:  the 

tr?.v.'l  /h/* 

crier  to  r.'.’O'it  ‘d  c  inderondcnc  i  oi'  tliO  ultr:.r.;:ycr£:.l 

•>:vnr.  it  ;in*  to  cor.pr.rc  ■ii'-o  n\>r.ibor  of  .-.pcc. ..nc 

vltra!:.byc.;7l  rone  only  rith  the  nuwber  of  ail  opocica  encountorod  in 
thir.  rone*  .'olff  rrodo  o  siriilar  co.sp^rison,  but  our  Tnblo  9  utilized 


uc-re  ocn.'lc'.f  d-nn  cct  fortr:  r.bove. 


''■’vus.  on  ovc.''o  ?  to  ■V;'.r  cs.'.t  of  botten  c.iii'icr’ls  forme  at 
i'.i:''thr  o:<cr;r,:iiiv  tOCC  re  ore  rcprcoo’itod  \y  c::ec.tc;:  not  onccur.tcrc-ii  fiu 
leoner  dcoth.o.  r.'hicl'.  r->'.y  servo  as  c  suf.'.'iciont  yrounc  lor  jmcopcr.csiK.o 
c  '  oltrcr.lycsci  ihvinc..  Thi.o  irulopond-jnco  is  strcs.icd  by  tho  cxict- 
vrucc  >xi  the  ultrea'cysc  net  only  oi‘  rpecies  I’i.xed  tc  It,  tut  of  hi-.,  o'- 
t'-.-.;o;:cuic  units,  of  yniora  <vcd  oven  o:"  funilioc,  os  ucll.  ArvOU';  Aoti~ 
nlr.rin  c  nev;  ultr<  r.tyc.ic i  ■’''nily,  G.- lath oarhh-oni dec,  anc  two  n-n.'  .T.’.orr, 

,;;<;.lryheant’.',,o.'.o,cr,  o-.v'  Hudnlanthus,  h:ivo  boon  diecoveredj  o.;:iony  r'ol-rcbo.o- 
xhQ  •.•■irnerr.  Vitye-'is  r.n-;l  i:acol]ic''.nhr..'.o.ict:aj  cuotr-;  yc'-.v.v.'oi-io-n,  f.-.e 
..■••■he' ir-  u  :  v'i tpo; r era:'- :  onor.  '  ..'japhipedv.,  .ynai..-  ro- 

i;..a  (;ct  V  t  yublirhod)!  rnon,,  Icooode,  bh:  ponuc  BothyonsTAr,;s|  enony 
•  i^lothurici  '' U'.  ;-  ,  .■■••nu"  fr  t-  lo'U.v.rio  j  a-ror.  ;  Pc . :onc. prior- ,  n-'io  ;;oncr;; 

;,on;-,.v;.tc;-.i-..nc;  e.-.'Oii  :  -fisrie:;,  c’.-iO  s-ah-er.us  imidolinn- 
h  .-•.r-.il  r  '.f-.cnovunmn  i.i;  corrr-n  to  the  planh.ton  of  the  ultr-pbyc- 
•orxl  d'oao  composition  in  i-iaouii  to  contain  a  speci-al  Aruphipodc 

■  y-hl--  Vit -n-iiir.o  /9/  and  tv?o  ul  trt'obycc.nl  t'-.c-n-sm  o'f  Galanci-,.;  ,  fa- 
r  ^cophocslanus  me  ;:onhovitch.iclla  /12/,  not  countimy  a  clynificant 
.i-nc.'ih  ir  of  epocir.!  ultruabycc'  l  epecics. 


—  226  — 


i 


Af3  Zenkevich,  Birshte^n,  and  Beljrayev  /2<S,  27/  had  assiuned,  and 
C.P  it  is  novf  beiti^^  confiiiasd  by  factual  sisterial,  tlie  fixation  of  most 
!3-7acio3  j.skin,::  u?  thi2  aaecific  ultraabysaal  fauna  to  any  single  iao- 
lated  ocean  trench  ahould  be  regarded  aa  its  rernaiics.bls  uro.^erty. 
Consef?uently>  each  trench  is  characterised  by  an  ultraabyssal  laiuia 
endemic  to  it* 

'fhuo,  for  exruaple,  each  of  the  si::  ultraabyssal  species  of  Actlni- 
ai'ia  and cf  t'^errino  ultm; abyssal  s;.'ocics  of  Isopoda,  collected  by  tna  oa— 
lathes,  hfUi  been  detected  only  in  one  of  tlie  several  trenches,  The 
case  of  Holoth^trioidee  and  Polychaota  is  somewhat  different.  Of  tlie 
five  ne  w  ultrr.abyscal  species  of  Holothurioidea,  one  (hyraotrochus 
bn-TWii)  har  been  found  in  two  troncVien,  the  Philippiiies  and  the  ITcw 
Sritoin.  Of  tlic  tl’.reo  no’.;  species  of  Polychaeta,  one  (i'accllicophala 
hf.dftlis)  occurred  in  the  Kormadek,  Bandr.  Sea,  and  Pliilippinos  trendies. 
The  tv;o  named  species  represent  in  this  respect  an  exception  tc  tec 
•..'hole  nr  CO  of  ultraahjrssal.  species,  ruid  the  fact  •U'lat  they  VTcre 
found  in  two  treptches  very  distant  f‘ro)a  each  .other  ana  sepparated  by 
larr.e  -extents  of  the  ocean  bed  only  JOOO— JK>00  m  deep  noedr.  auditionr.l 
exp  3.  an?  tioiis  • 

The  narrovf  endemism  of  'Uae  specifically  ultrr.abyssal  spoc?-es  is 
examplifd.cd  also  in  the  fauna  of  ocean  tronchos  'in  the  wosten'i  Pacific 
Ocean,  which  \fera  explored  by  the  "Vityaz*."  However,  this  phenomenon 

.  r 

i.<3  '  oomnlicated  b'j  vorious  de.^roes  of  isolation  of  tho  expxorsd 

tronchos.  'The  Kuril e-Kamchs.tka  ,  Japan,  and  .Izu-Bonin  Trenches 
s.rr-:  'interconnected  by  depths  of  the  order  of  6000  m,  so  that  only 


their  siaximun  daptlia  are  isolated,  'rho  Aleutian  iTrench  is  4li  ioolatod 
free  otJior  trenches  by  a  subs area  of  ^l•ic  ocean  bed,  Khoso  u3u- 
vl  iei'ths  ajjicunt  to  ^'ZOO — "J.0C0  e. 

In  con;?c:'''..-..;ice  •.’ith  this,  a  rAiiUber  of  ultro.abyasal  apeci?';,  p.'rt.- 
Icularly  t!'.e  Iscnoan  Gtorth^aojur'-  vit;;r  :',i,  5t.  chelate,  St.  herculcr, 
tho  "xViuroidc'^na  Vitjc'ieita  ultrar.cysnalxc,  and  the  fish  Corcproctr.c 
csabl'ycto'-iopria,  are  co'vion  both  tc  tho  Kuril  e-Jv-aitcht-tlca  ;  and  t'.io 
J.-.-a.i  Trench:: a.  Tlie  ultrorbya:'."  1  pt-.l.-r  ic  Garncridea  arc  also  diotrlb- 
uted,  v.'it'.'-O’jt  ,;apr.,  fro’n  the  Kuril«-Ka;.ich'  Itka.  Trench  in  the  north 
to  the  Japan  arid  even  to  tho  lau-Bonin  Trench  in  the  south  /lO/. 


Along  v;ith:  this,  ■  Certain  differences  in  tlie  systcEoatic  location 
of  ultrr.sbyssal  species  are  observed  betv^oen  tile  conplotoly  isolated 
liurilo-ICe; ’C'.v'tslciya  and  tho  Aleutian  Trenches.  Thus,  for  example,  thio 
Hthiuroider,  .  onus.  Vitjarnrtna  is  represented  in  tlio  Kurile  -Ks.: '.cru  tka 


?r:ncr.  by  ‘:.he  a  ,3ci.?o  7.  ultraabysealis,  and  in  the  Aleutian  Ti*onch  by 
ti'.o  a.  trteios  V.  a.lcutica  /Ty/,  end  ths  Isopodun  .•'torthynv.ure  tenuispi- 
v'is  Pi-en  d'e  Airutian  Trenc!;  is  rsprosonted  in  tho  ICuril<»-yieiBchatk»'  ' 
Trench  by  «  sp'cisl  subspecies,  r.nd  t'ocsibly  r  npecios,  £.  ecu tachs ti¬ 
er.  /(:/, 

Ir.dtC'’tion.'3  oxist  concsmln.:*  tho  hetero/rencity  of  populations  ob¬ 
tained  fonn  iiSAlnu!;!  dor' ths  of  the  Kuril e-ICf.nche tka  end  Japan  Trenche:: , 

nottithstyndin .  that  they  arc  con;‘;octcd  by  a  prut  abcut  6Q0C  is  deep, 
lirp resent:  tlv  :S  ox  ti'.o  taoct  doop-soo  (7200~v:'2o0  r:)  soocies  of  “'uig 
Stort'  i'nfp.'.rs  yenus,  3.  vitjasi,  from  the  above  ncued  trenches  are  uoi'- 
.■'hc  loyicrlly  diffox’-rnt,  xrhlci-i  tiay  bo  regarded  as  'the  esnorgonco  of  in- 


itial  stages  of  divorgenco  /8/. 

Apart  form  representatives  of  the  specific  ultraebysaal  fauna 
v;hich  do  not  rise  to  depths  of  less  than  500C— dvOOO  n  and  ’./hxcli  o.vs 
ch!?.rr.cterir.ed  by  a  clearly  expressed  norroi/  endsKtion,  a  significnit 
number  of  variously  eurybe tide  species,  onccotmtered  also  in  shallovfc» 
vertical  cones  up  to  the  upper  sublittoral,  were  detecred  vrithin  the 
lidts  of  tiio.ultraabycsal  zone. 

'fn©  ?olychac3ta  /mcistcsyllio  constricta  Scutlaem,  laiovrn  frorr-  the 
Indian  bra olciah-watsr  l^ko  Odlka  r-nd  from  tlio  depth  of  6p6C  ir.  in  the 
Ear  da  Sea  Trench,  -‘md  7Aary:c  ’aultifilio,  found  at  the  seme  depth  in  . 
the  S'r'no  trench  and  previously  loio^m  near  the  Oalifomlai.  coast  Cu  a 
de'dh  of  1  to  5?C  m,  in  the  Persian  Gulf  at  dapths  of  8  110  a,  and 

near  tile  Vancouver  Islfuids  at  the  d;-oth  of  70  r.  /59/ »  consider¬ 

ed  as  SEtaaing  exa'riplos  of  oxtrono  ourybatiiicj-ty  rnd  oj.  cui,.bioi  •-i.ic.t^. 
in  gensral..  Bio  hydroid  Aglaophenia  tenuissirr..  Bale  foruvl  in  t'r.e 
Ilormadec  Trench  at  a  deptli  of  6d60— 6?2C  ffi,  and  :.n  the  ’.-ratcrD  oi  tl:o 
Groat  Australian  Barrier  Peef  at  the  depth  of  2?,'  n  /62/,  Bio  holo- 
t’luricideuKi  Mesotliuri--  inurrayi  BAlel  was  discovered  in  the  Panda  Soa 
Tr-inch  at  depths  of  6h90 — 6550  n,  and  t/ao  ancovuitorcd  in  the  Indonesian 
wTt.vr;?  onu  in  Ute  Pacific  Ocosn  at  depths  of  25^ — >60  m.  Tiie  *cniuro- 
idsur.  Alohcf-oms  nor!lp‘‘cific:  I’onk.  diirolls  in  tlio  north-uestom  par*,,  of 
tl-.o  Pacific  Ocean  at  depths  fi*ox  3^-0  to  7820  m  /2V »  Isopodun  Il:m- 

r^’cVicno  antarctica  Vanh.  is  imoV/ti  from  deX'ths  of  25-  an;.  JOOC  n  /6l/. 
Tho  Poyonophonmi  -liboglinun  csullerj.!  Ivanov,  found  in  the  lUiriU- 
?.av;ch'" tk  a  Trench  at  tho  depth  of  8100  m,  is  ccotraon  in  tho  hoc  c- 
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Olthotsl'  at  depths  from  to  5-fOO  n  /50/ 


Sven  a  lursai"  nveabor  of  species  appears  to  bo  conaaon  to  the  low¬ 
er  levels  of  tlic  batl*yal,  abyss,  and  ultranbyss.  ^jaong  the  Folyohaeta 
t;.i-  is  i-IacGllicsphalJ'.  ab;'s-;iccla  I-V-uvel  ( 422‘p— 7'190  m),  'Teohtv:;  dls- 
nellste  21  ias on '( 4255—7000. ni),  llinoe  fvtsca  Moore  (  4065—7000  n), 
Ilyphapnis  bytlitnicola  Ghrnbsrlin  (:}4p6 — 67^tO  m),  Trevisia  profundi 
Ciianb.  (975—7290  n),  otc«t  r.non.-  the  Isopoda,  Storth^TV^f-  ?ulchrr. 

(iPn-iSon)  (1260 _ 66.20  ra)  and  Diryccps  nodifrons  Hansen  (2702 — 7000 

anon;^  Crlnoiueu, ,  Pathycrinus  auctr.-.lis  (Clerk)  (^650 — 'ir.OC  n'.)|  arsong 
Aoteroidoa,  .-renic-ater  vicinus  (Ludwig)  (5000—7000  n);  aroi\g  Ophiu- 
roidca,0phiure  loveni  (Lyncn)  (25OC — 6720  m)|  anon,;  Holothu.ricidea, 
Poriarrv'.  nerooi  (Th6el)  (529.2— 7l60  n),  Scotoploneo  globor.r.  ('nieol) 

( si),  Hentliodyeos  sf*j\-uinolontr’  Tncel  (768—7290  n),  Fhphro- 
nidos  verrucosa  Ludv;ic;  (2/|0-'f— 7290  n),  Preuiostiohopus  vinosus  Thccl 
(er.5__Y2r.Q  Cor'-plecte.nr.  trechydemr  Clerk  (585—^650  n)- 

A  3~eci';.l  place' in  this  series  is  occupied  by  tiie  iiolothurioidaU'C. 
.-.Ipi^iia  plr.cir.lis  (livSol).  Very  widesproee  in  tho  Folcr  Basin  et 
dopsha  frea  70  to  58OO  ’  and  considered  usually  ss  a  hi,; k-nrctic  opo- 
cics,-  it  was  found  in  the  .  Atlantic  Ocean  near  the  shores  of  Morocco 
s  dfi'eth  of  22.10—2460  n  and  ccuth  of  Australia  st  a  deptri  ol 
4750  :i,  'nd  in  the  rocsnt  years  was  discevored  :ln  the  3trcit  of  K.c.u- 
c;i-^kr  vt  a  depth  of  4400  21  /5/»  near  Antarctica  at  a  depth  of 

'i 

2980  n  (t!:o  first  "Ob*"  expedition),  aiid  in  large  nunbers  rn  2ie 
ultrac.bysc  of  nan;.'  trenchas,  (Kurile-Kaittohatkia  ,  Aleutian,  Japan, 
ICer.nadc  ,  Java  ,  and  Bougainville  (Now  Britain)).  According  to  Ha.nr,- 
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en  /56/,  a  special  subspecies, easily  distin^P-iished  from  the  tjnjical 
subspecies  fixed  for  the  Arctic  and  the  northern  Atlantic,  inhabits 
each  of  tlie  tliroe. latter  trenches.  The  e-.er?ence  of  different  subspe¬ 


cies  of  S*  nl^oialis  in  various  trenches 
cocEion  to  true  ultrcabyss.al  constituents, 
3,  '’laclalis  •:ere  established  in  various 


raaindo  of  a  sinilsr  procjss 


cna  pemits  of  assurii;;  tliat 


trenches  a  lon^:  tine  a^o. 


Tlie  schaacj  proposed  by  Kirkegaard  /59/  for  ultraabyssal  Poly- 


chaets,  can  bo  enployed  for  ecological  demarcation  of  heterogenous 


members  of  tiie  bottom  populoticn  of  tlrie  ultraabyscal  aonc.  This  autli- 
or  distinguishes  three  following;  groups:  l)  eurybathic  and  eur^theraic 
species,  having  probably  a  imivorsal  distribution,  2)  ourybathic  and 
st'snot-iemic  species,  having;  a  v;ide  distribution,  but  living  at  a  tera- 


narature  of  4*0,  5)  stenobathic  and  stenotbenaic  species,  making  up  the 
tr-'.s  "hadal,"  i.  e.,  ultraabj/ssal,  fauiia. 

The  develoTsnent  of  the  problem  of  the  origin  of  ultraabyssal 


fr.una  is  hLndored  by 'the  fact  thet  it  has  not -been  extensively  studied, 
:nd  ooinions  expressed  in  this  respect  represent  insufficiently  well 
bssod  '.g'poti'.eses.  Bruun  /hj/  ascunos  thst  the  abyss  and  ultraabyac 


have  been  populated  relatively  recently  by  migrants  from  the  batuyai 
and  sublittoral.  On  the  basis  of  investigations  of  subfossilizod  o.hys 
cal  For-’ninifera,  he  admits  the  possibility  of  a  considerable  drop  in 
the  temperature  of  deep-sea  vmter  during  tlio  great  glaciation,  which 
caused  extinction  of  all  pre-quartemary  abysstl  fauna,  vdth  tlie 
exception  of  its  'nhat  «n«ytherntc representatives  which  are 
a  reserved  u?  to  this  time  in  the  fom  of  relics.  Later  on  a  part  of 
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bathyal  and  to  sons  extent  of  sublittoral  species  adrpted  to  life  in 
the  doptlis  of  abyss  and  even  of'  viltrsabyss.  Tlie  colcl~lovin;“;  inhabit- 
ant:;  of  the  Arctic  anc  the  Autnrctic  :.ii;;rated  thus  noet  ecsily.  Pm.un 
po5iitn  out  the  svibstanti:'!  niu'iber  of  nrirsitivo  nrch'':ic  iriocios  in  the 
composition  of  bathyal  fauna  (e.  Km  Lntii.ieria),  and  considers  the  pre¬ 
sence  of  similar  snecics  in  the  abyss  and  ultroebyss  tho  result  of 
their  secondary  migration  to  ;  rea  :er  depths. 

.volff  exprosacs  siiailsr  vie’.;c  vrith  respect  to  ultras.bys:;al  errs- 
tacean  Isopocia.  Me  es Uholisl'ics  a  closeness  of  noflt  enecnic  ultre.- 
abyssal  species  uith  inhabitants  of  the  ocean  bed  in  the  vicinity  of 
trenches  populstod  by  then,  ;.’hich  confinis  the  possibilit;'  of  thoir  re¬ 
cent  settling  in  the  tronchos.  Tho  na.iority  of  orustcceen  Isopodc  are 
actianlly  related  to  Antarctic  and  Arctic  species,  v;hich  Conforms  to 
auun*3  vic'.ra  exprorsod  iia-odiateiy  above. 

These  presentations  are  not  confimed  by  tb-u  available  palsocli— 
r.atoloyioal  data,  accordin''  to  ''.■rhich  no  sufficient  bases  exist  -or  re— 
cornition  of  stronp;  chr  nyss  in  the  tarapar'*  turo  of  deep-sen  vjster  nasscs 
d'arinc  the  cpiartemarj'  poriod.  I’evartholess,  tho  presence  cf  recent 
settlers  at  groat  oconn  depths,  vrhich  are  in  addition  poinilsted  by 
earlier'  dosip— sea  inhabitants,  causes  no  boubts.  Tl'iis  circttt;;st"nco  'fas 
first  noted  by  A.  ?. ./oidrii'^inhcv  /I,  p/,  v/r.o  distii'guia'iod  ;.n  tne  com¬ 
position  of  doop-sea  fish  fa;mn  "ancient  or  tioae  deep-sea  species," 

r 

per to  lov/er  philo^^enotic  i'rouus  F-.nd  cloiipiy  t'peci^^liwcd  ^oi 
conditions  of  life  at  d';:''th3,  a!id  seccndr.ry  deoo-sc^a  op;cies,* 
diff arontiatod  oyot-^.^xtically  fron  tlue  inhabitmts  of  the  continental 


shell',  auc  belon,rinr  to  philoconetic^ lly  youii^;  -roups* 

It  should  be  noted  tiiat  such  sccond-  ry  deep-asa  spefiiea  deoo&nd 
in  n  •Tumber  of  o.-iac-s  to  the  ultraabysc,  ij'rtsrp  they  trs-risfom  into  true 
■altrs.ab”0  5f,il  e^ccles*  rbractly  suo’i  arc  most  dsee-sca  botbiK  fish 
Coreproctne  a::ibly;"tor::opeis  >.iidr.  Ik/  md  t},©  most  deep-sea  bottom 
myei'.;  ihnplyopo  ru'CT.'-  Birct*ot  Techinu*  /ll/* 

hov.’ovo;*,  by  cpto  avsiloble  at  wie  present  time,  the  ma- 

jorit-'  of  ir;hr.bi-.' ..ntvi  of  the  abyss  and  ultrnabysc  do  not  belon,-;  to  the 
second -ry  deep-sea  species,  'liioir  aystomatic  place  and  raorpholoyic 
peculiarilios  yeu-iit  tlioir  boiny.  assigned,  vrlth  a  sufficient  depTcc  of 
C'-jv'tainty,  tc  prtr/iry-  deep-sea  species,  th.".  early  inhabitents  of  :.,reat 

ie '!• . . i'l'.e  r  ’lis  ’  character  of  many  abyss ©1  yroups  has  been  — 

i’  sd  by  ;2ar.c-.n  in  hie  ’.?3ll-3aiovai  booh"fooy  eosraphy  of  the 
S-'^cxiples  ;pivpn.by  this  auth.cr  on  the  ahci^irt  yeoloyic  aye  cf  a  cencid- 
erable  y-ert  of  inhabit:' nth  of  the  abycas  may  be  3Uppler-:''n.tc-d  by  ds't'.'.  on 
o:-'., -^t  ' can:-,  hoo:'.y  oda  by  ihc  :rellp*l-sio'.rii  '.'.alco  •.tolo.riat  B-curlen  /hp/* 

0c‘ y-ar ill'-:  fhe  sys'oonc'iic  coriposition  of  fossil  and  do©';— sea  cn.’.s- 
t‘CT.a',1  vec^'-oor,  Bfrurlcn  hfrr'.vod  at  the  conclua3.on  that  these  animals 
.;';.tled  et  yre.at  depth..'!  predonin"nt].y  in  tlue  Upper  Jurassic,  Upper  Cre- 
t"ceo'.'.u,  a-*.cV  Upj'Cr  IDoca'no  pbri'Ods* 

ibufi’j.c' o'ot  r^'-jS’sehs  thus  cxl.'^t  to  reco.^p'ii.zc  the  early  settlsscont 
of  The  abys?  and  tho  ai^ticuity  cf  a  su-bst-ntial  pert  of  its  peculiar 
As  applied  to  the' uluWbys'o,  this  quostion  mst  be  put  in  a 
diff'oront  manner*  Accofdiifp  tib  V*  IT*  Belousov  /^/,  island  arcs  and 
r-ccompenyiny  trenchea  ropfesoiit  a  structure  of  the  Alpine  a;;©* 


'^'  ■  v-.'^-'v  •  -v  •'  ’  '  :/  •  '  •  'a  •  -  “-  - 


In  this  cp.se,  tho  aettlenent  cf  the  ultrpabys:,^!  sons  could  hovo  bo- 
.-:un  only  fron  the  Tertiary  period  on.  In  hamor  '  ’.rith  this  is  tlie 
clcsonesr.  of  nany  ultrr.abyo/.ril  s  ■ecics,  for  oxtaiple,  of  cnssiacoan 
Isopod-  /8,  81/,  tc  abyssal  '-ncl  p-rtially  even  to  bat’y'-al  opociesi 
these  specios  did  not  succeed  in  si'^nificantly  differer.tiatirx';;  from 
tl’.eir  noro  shallc'.;-\rat2r  ancestors.  However,  as  has  bean  Indicatod 
prcadously,  t'i-  ultraabysrr.l  acne  it  inhr  sited  not  only  by  sp-^oial 
spccioj  co:-.ioii  to  it,  but  by  special  cenorr.  and  evar.  fniliec  ns  ■..•all. 
Too  origin  of  these  species  of  hiji  t-nconortic  ranlc  is  eni^ti.'tic,  since 
th.e  possibility  of  their  caeerpenco  durir^j  the  brief  poViod  of  a.-.ist- 
ence  of  deep  ocean  trenches  is  hi^jhly  doubtUul. 

Q^irntitc.tiva  Dlgtrlbution  ot'*  Deep-aoe  Bottom  Fauna 
Tile  dcvcloj^ant  of  a  jjonoral  v^rooentation  of  tne  (iue.ntiL.  vive  dls** 
tribution  of  living  or.^a,ni.sais  .in  the  ‘.forld  Ocean  is  of  a  (preat-  tneo- 
reticel  interest  and  has  a  substantial  practical  importance.  Genoral- 
iaed  schemes  of  distribution  of  tl'»e  p^opulation  donalt^’'  in  the  './orld 
Ocean,  porte.iniis^I,.  to  bo  tyue,  priaarlify  to  tho  population  of  t:i9  pel- 
ar.pic  aone,  v.’ore  proposed  by  Ilentschel  /y8/,  L.  A.  ionkcvich  /-il/,  and 
Sverdrup  /7i/*  Accordin^j  to  tlicse  schcaoo,  the  greatest  density  is  ob« 
served,  on  ono  hand,  in  the  near—"polar  r(3p;icn3  of  tlio  oceans,  and  on 
the  other,  in’  the  inr.iodiato  vicinity  of  mainland  shores,  within  limits 
of  tlic  continontal  shelf. 

Uith  respect  to  tlio  quantitative  abundance  and  distribution  of 
bottom  fauna  in  the  coaatal  shallowa  and  .  in  the  open  parts  of  epicon¬ 
tinental  seas,  we  possess  at  this  time  ratlier  considerable  drta,  ob- 
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talfled  ^or  various  regions.  Studied  in  greatest  detail  in  this  re¬ 
spect  are  the  Danish  waters,  the  Barents,  Karskoye,  and  VJhite  Seas, 
certain  regions  of  oixr  Par- Eastern  seas,  the  Black,  Caspian,  and  Aral 
Seas,  and  the  Sea  of  Asov.  A  number  of  other  regions,  particularly 
some  par^  of  the  Mediterranean  have  been  explored  \ifith  lesser 

detail. 

The  data  on  quantitative  distribution  of  bottom  fauna  at  deptlis 
of  about  loco  a  and  more  were  up  to  recent  times  practically  absent. 
Only  the  expedition  "Parsey*  of  the  Stcte  Oceanographic  Institute  col¬ 
lected  in  1951  tvfo  drodgln;;:  saiuples  from  dopths  of  8OC  and  1000  m  in 
the  Grcmland  Sea  west  of  the  lledvezhiy  Island,  and  in  19^7  tvro  dredg¬ 
ing  samples  wore  taken  in  the  same  region  at  depths  of  900  and  2000  m- 
by  the  expedition  vessel  "Kashalot"  of  the  Polar  Marine  Institute  for 
Fisheries  and  Oceanography.  Tho  biomass  of  benthos  ft  tness  dept-hs 
©quslled  from  1.5  to  2.0  g/m^  /20/. 

3road  quantitativo  explorations  of  tho  deep-sea  bottom  fauna  of 
tho  h'orld  Ocean  uere  made  by  the  “Galathea"  in  1950““^952,  by  the 
nyityr-z’"  in  1949— 1955*  end  by  the  "Ob'"  in  195^. 

Ae  "Galathea"  expedition  collected  in  various  regions  60  qxiant- 
it"tivo  dredging  samples  from  depths  of  1000  to  6OOO  m,  and  p  sra.’.ples 
from  depths  ‘oxceedanf;  6CCO  /76/.  fSta  samples,  tfrUen  in  the  Banda  Sea 
by  the  0.2  grab  from  depths  of  658O  and  7280  m,  contained  12  and  7 
snimel  spocinens,  respectively,  weighing  2.5  and  0.7  Zt  ’'fhich  yields 
for  cuch  denths  rather  high  biomass  indicators  of  12*5  5*5  sA^  • 

The  sample  taken  from  the  greatest  depth  (Philippines  Trench, 


1C  120  ti)  cor/U-inod  onl;;.''  oiie  I^olothurioicexji??.  ',.-i-.i,  hiji;  0*1  ■;,  •.I'iioh  cor- 
r-';;'.or!u;  x,o  o.  :;ios..T.Kn  o.  t-’*'.;  /'.I/* 

■.■icJ'rc!-;  /Tl/  very  in“or..'£‘>;:eiy  rj'/tr-.  on  deap-sca  ^:U'v•.•:  viv.vtlva 

inTictry;.--  dioua  o::'  '’.hG  “Onl-’-l-eEx"  near  v‘:e  '/■i.jtei'n  ahcrcc  of  2  a’-' fori  cl 
AfrlC!  Coacv,  0o:\.o,  /iiyol:' )•  Iri  t;:.os3  rcyaonic,  ly  ry;;.!;: 

sc;  •■'lea  uor-c  tdo-n  frov'!  dep-.-f-.s  of  f.lC— 5762  'w*  Oorrosponuin'.,  a:  tie.  or. 

cic'i'i.-.aa  iniicii-'aors  Oi-,*  jjvaiaer'.rlr’.ed  in  i’eil'!!  10*  It  i.'r.  c.i'-r.r'.'.ct£;ri3tin 

thr  t  •tr.o-  lo-’v'oo.i'  -ir.  vi'.ia  part,  o:!  tVio  Atl  vatic  Cc  vt  .i-.:.vhr  of 

1  ;-:a  rlsr.  lC.rC  ti,  jTovr-id  'cc  be  q-arnti'tAt'lvei-y  ViuC;:  poorer  vbar.  ir.  t.;;c 
li'i:)'.-.'  v.ei';  ‘t  u-3_.^i.ns  sxccGdln.;  cCCC  i-v.d  even  7CC0  r.e*  Ff-ctu-v I  r.-  'tr.  ^ar- 
tE  .nin.'  X.C  the  ra.''.aini;'i;.;  dr-.:-d,/:';V.  o£.-;:plea  t.'d-.'en  'cj  the  ”-la,ia  tl.ea”  cr  ; 
a  o  s  t  '  v.ib  1  i .  •<  h  e<;  • . 


of  cicc‘c~,e(ir.  bon'tVi.os  v.  e-''.r  '..'Or;  t-  'iTi  sherr-a  of  ..'X'o..;' tcrio. 
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n  to  wry  ,-iX»icro'.’.>  luontit:’ t.iv:;  ur-cu^.ir.,'-;  iov  'frera 


c..  les-  ,tho,n  lOCC  r-.,  the  " Yi t. 'ar. ‘ "  cc lloo’. -.a  in  '.na  .■■?. r-..v.‘ :•.•". -i-n 
ovo..-  i.r>.  Ohs  north- •.■f.c.ct.i’r.-.  part  of  'cl.c-  .•'&cir.ic;  Ocaan  x^oro  17C 

r 

sa.ch  asvpla.^  ;‘.ro:v  dG’ptha  iCCO  'tc  7166  :a  (  .labia  :i)*  I’hsso  r.-at->rij.la 
been  prcccseed  Vy  C*  B.  Mok.iyo'v'fjkiy  />’2/  for  the  part  edjoinin:-: 
■the  .ccoc-sca  rcyior.a  of  the  sea  of  Japs'n;  his  studies  o'ff or.' dv  ta  on 


indicators  of  bioar-ss  Aid  of  quantity,  andi  on  the  sj/stematic  composi¬ 
tion  of  bottom  fauna  in  the  Sea  of  Japan  at  depths  of  more  than  1000  m« 
A  map,  showln;:  the  distribution  of  the  total’  biomaaa  of  benthos  in 
the  v/holc  area  explored  by  the  "Vityaz*,*  has  been  compiled  by  a  group' 
of  members  of  the  Penthos  Laboratory  of  the  Institute  of  Ooeanography 
(Fig.  9)- as  a  result  of  processing  the  material  collectied  by  the 
"Vit^'az’j"  this  map  was  published  in  works  of  L.  A.  Zenkevich  /25/» 
end  of  L.  A.  Zenkevich  and  Z.  A.  File to va  /28/.  As  can.be  seen  from 


3a'.7tem  so^’s  and  in  the  adjoining  part  of  the  Pacific  Ocean 
(in  g/n?)  /2V.  ... 

his  map,  the  total  biomass  of  bottom  fauna  in  the  coastal  parts  of 
the  Sea  of  Okhotsk  and  6f  the  Boring  Sea,  and  near  tlie  pacific  shores 
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of  ths  Ksischp.tlai,  reaches  several  h'Jndrsd,  end  in  some  locations  ex¬ 
ceeds  1000  e/m^.  As  one  r;ooo  farther  fren  the  sssboard  and  as  the 
transition  froai  sublittora]  bo  b'^tlr/nl  talres  place,  thie  birnsGS  of 
benthos  diminiclies  ^.Taduelly  ovor'a';h.ero  uevm  to  several  tans  cf 
At  depths  of  lOCO — 50CO  n  if.  the  Bering  Sea  and  iji  the  Sea  of  Ohhotsk, 
the  bioness  of  benthos  decrea.acs  to  10—5^0  z/^*  — 

Japan  even  to  l.t — 7  In  tho  control  parts  decp-oea^rffitrf- of  all 

/  o  .  . 

Far- :hs torn  jecs,  the  bioiTi-So  fnllr  do^jn  to  1  fyn"",  r.?ic'.  in 

^  -V 

places  to  0.1 — C.^  zM' •  The  only  exception  are  certain  rapion.s  or 

tiio  v/cstom  pan  of  tho  Boriiip  Sea  (’..'est  fron  tho  subiiarino  rid:.e  of 

Shirchov),  whore  the  bionass  Of  bent’nos  readies  5  more,  and 

especially  that  part  of  this  v/hich  adioLns  tiis  deep-poa  Ilonchrtka 

Strait.  Here,  st  a  depth  of  noro  than  ACOO  ni>  t'ae  ticr.R33  reaches 

'0  izM~f  v;hich  is  apparently  explained  by  tho  peculinrities  of  the 

hydrologic  rsgias  in  the  rejvicn  of  tine  Kancb.atkn  Strait,  vrhich  fo-vor 

ths  increase  in  productivity  of  the  bottom  fauna. 

In  tiio  nortli-wes tvim  pert  of  tho  Pacific  Ocean,  a  narrovr  strip 

with  a  biomass  of  benthos  exceeding  10  stretches  olon;;  tho  s’uxl- 

lov's  bordering  tho  Kurile  island  arc,  the  eastern  coast  of  ‘fd'.e  Knnchr  t- 

ka,  and  the  Aleutian  island  arc.  In  the  direction  of  tho  open  ocean, 

cs  ono  moves,  sway  from  the  coast,  a  .gradual  docreaso  of  ti;o  biotTss 

is  observed.  In  tho  most  remote  regions  of  the  exr<lorad  part  of  the 

ocean  (soutii  from  2^*  II.  Lat. ),  at  depths  of  the  order  of  50C0  n,  the 

its 

bottom  fauna  if  ijuantitativoly  tabtrAOioly  poor  acd^bioraass  io  expressed 
in  terms  of  100  sg/ra."  and  loss. 
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It  is  highly  interesting  that  at  depths  substantially  greater  .  n  - 
than  those  of  the  ocean  bed,  in  the  Kurilo-Kanchatskajra  ^nd  Aleuti^ 
^Trenches,  the  biomass  of  benthos  is  higher  than  at  lessor  depths  of 
iBtuch  rmotar  open  parts  of  the  ocean*  Thus,  for  example,  "Vityaz**, 
took  in  1955  ®  dredging  sample  at  a  depth  of  6958  M  near  tlio  southern 

r 

tip  of  Kamchatka  in  the  Rurilo-Kamchstskaya  Trench,  which  yielded  a  ! 

p 

biomass  indicator  of  zM'»  In  the  same  year,  dredging  samples 

vero  taken  at  tv;o  stations  in  the  Aleutian  Trenorh,  at  depths  of  6MCO  m 

(across  from  the  Madnyy  Island)  and  7286  m  (across  from  the  Attu  Is- 

land)*  The  biomass  of  benthos  atsthese  stations  was  0*4  g/m  rand 

2  1 

0.56  g/a  .  The  utilization  of  the  trawlograph  during  sweepings  of 
the  ■VttyaS*'"  in.tho  Kuril  -Kamchat  '  Trench  permitted  of  maldng  a 
quantitative  eatiaate  of  collections  obtained  at  various  depths,  up 
to  the  maxlmuRi  /27/*  'Hiese  data  (Tablo  11)  also  testify  about  tlis 
greater  quantitative  abundance  of  bottom  faima  of  the  ultrs,ab;resal 

1  Tlio  sample  from  7286  m  contained  20  specimens  of  small  Polychaota, 
2  bivalves,  1  small  crustacean  of  the  Oumacea  order  end  1  tiny 
Ophiuroidexm,  weighing  together  only  0*l4  g,  which  corresponds  to 
a  biomass  of  0*56  g/m^.  In  addition,  the  sample  disclosed  1  large 
Echiuroideum  weighing  10*1  g*  One  ohoiild  take,  into -accpimt,  howe  - 
fever,  "that-Such  largo  organisms iarfe'  oolloptfed  by  grabs  at  great 
depths  very  infrequently*  A  mechanical  accounting  for  tlie  weight 

of  such  an  organism  per  square  meter  would  thierofore  undoubtedly 

a 

produce  greatly  exaggerated  hicaiiass  indicator,  incongruent  vrith 


reality* 


K 


a'-  ■  V  • 


,  -ty'  .  .••'‘/^*';.ffr;^'S;, 


r**’  '  ►'<>••■  V  .  y 


tronch  rathor  tlian  of  the  abyss  of  opon  oceanic  spaces* 

'The  solution  for  the  relati'/oly  high  indicctoro  of  bottoju  fauna 
biortas:.  in  the  ultr"abyae  of  trenchoa  ahould  be  apparsntly  courht  in 
t::c  closeness  of  trenches  to  shores  and  in  the  sbund’r.t  drii*t  of  or¬ 
ganic  natter  in  the  direction  of  their  depths* 

Table  11 

Glianre  in  totjil  bioii''ss  of  b^;nthoo  in  the  Kuril  ^Kamohatlia 
■*Yonch  v.'itn  roapect  to  incrar.se  of  depth,  according  to  data 

of  sweeping  hauls 

p 

Depth  in  n  •  Sionaos  in  g/ja" 

^  Range  of  flucturtiens  Average  /  'ing  hauls 


Nmbor  of  tvjocp- 


(m  4fi:n 
iKhO— 7230 
(!330-9!tr.0 


3.4S— 14,88 

6,M 

0,08-2.47 

1,22 

0, 05-0,113 

0,32 

4 

4 

4 


It  is  necessary  to  not-'  that  the  bio:r-aca!  indie: tore  obtainod  ao- 
cordin,;.;  to  sv/eepxjv;  hnuls  as  woll  as  according  to  dredging  srci/lcc  for 
ror..t  da.' the  should  bo  considored  so);'.o;,’l;c,t  reduced,  sinco  the  trc’l 
ails  tX'  cr. tch  the  snailcst  rep ros ante tivoa  of  tho  deop-sor.  benthos, 
vnilo  t':’?  .greb,  vi  -h  r-'-ro  e.:-;c- v'iiGne,  uooe  net  soi:’.:-  large  r.r.i;.i;: la, 
bner.-.u;  :.  teeir  coionicn  -  rcy-t  .re.  t  d  : Ll -j  /erv  •./i.d.-'ly  dlegorsod.  In 
•addition,,  one  oheuid  bor-.r  in  '.nind  uiat  no  r.'et:  ode  penjitting  vh-'  sogreg- 
ation  of  ocapty  s'.sclls  of  I'hraainifora  fron  live  s./QCiaons  in  the  ewcple, 
a.nd  .’-cco’-'inting  for  tho  bionnso  of  the  Irtbar,  whose  role  in  tho  total 
bio;':  s.'  of  doop-GCE.  benthos  is  uncoubtodljr  vary  significant,  h'.  s  as 
yet  been  davalopcd. 

'iiio  Antc.rctic  expadition  of  the  Acadaeiy  of  Sciences  of  tho  U*S» 
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S*  R.  on  the  ”Ob'®  mpdo  in  195’i3  doep-f3ca  drcd^-ing  collcctiorxS  in  tlie 
v-Tters  of  the  Aflierctic  f rcrB  the  Dtvvis  Sea  to  .B&lleny  Islrnds  south 
of  64*  S.  Lat.'(2.1  sa-plas  from  dsnths  of  ICCO— 5200  •:’.  and  in  various 
re;,icr.3  of  the  Indien  Ocean  (9  soriples  frc::i  deaths  of  lOCC— ■'i pOO  r.  ;• 

As  G.  Ealr'.yev >4id  ?.  V,  Ushakov  /7/  point  out,  indicctcrs  of  the 
biomaos  of  benthos  fluctui,te  in  the  .'ntafctic  waters  at  depths  of 
1CCC-,>?X’0  21  frc:Vd#5^  2e£  g/xa  ,  nnd  er.oxnit  on  the  averc^.e  to 

vrhich  is  several  is.  .  ao  the  indicators  for  oc.i\q 

do’-ths  in  various  other  ro[;icn3,  particularly  in  the  Fr^r-^hsterr^  -i-'s, 
but  only  inconsiderable  aimllcr  than  bioin/^^"3  values  ch.ar*2ct:**ristic  of 
oiinilar  depths  near  the  v:cstem  shores  of  E''u/'iorial  Afric?.« 

SpKrck  /7o7  points  out  that  tlie  value  of'  the  bionias;?  of  bonth.os 

/.  2 

at  oc<^an  d'.sptho  rxorj  be  taken  boin;-:  in  the  vicinity  cf  1  .i/ii 

A  coT'i'^a risen  of  d'^ta  aCcicnulatod  up  to  this  tino  peraits  of 
in^*  the  estiriate  of  tlie  -niantitativo  abundance  of  the  bottom  fauna  of 
oc^.an  isythM  in  g  Koro  diff erentirtad  manner* 

Ike  nostt .  .  ,  general  regularity,  v;r.icb*  first  of  all  dv:tcrain:-3 
the  distribution  of  the  bottom  fnina  fron  the  ccutctal  sub 

littoral  sono  to  the  deepest  parts  of  the  ocoan,  ic  tho  d.-creaso  of  -h 
total  bio:r.aso  of  bentViOO  \/ith  respect  to  incr^raeo  in  the  depth.  At 
greater  ocean, depths  anoth.jr  factor  comes  into  pl^^y#  1»  r?aooo 

ness  frori  continental  shores.  Still  in  \d9^  Murray  /67/  noticea  the 

r  . 

roc t  imports nco  of  the  ronotencss  of  a  ^iven  part  of  the  soa  floor 
from  the  shores,  which  determines  the  supply  of  the  bottom  fauna  ulth 
viutritive  materials  of  a  torrostriel  or  coastal  origin#  In  i  sub-* 


sequent  years  other  authors  /25,  49,  52/  expressed  eimilcr  views  in 
various  ways,  while  at  the  proscaxt  tixio  they  are  fully  confirmed  by 
concrete  d^ta  of  qu^ntitr-tive  o:cploration3  of  the  deep-scr.  bottcn 
faun? « 

The  vast  wat;)r  area  of  the  Pacific  Ocean.,  tl'.o  remotenoss  frcrn 
continents,  a  subotantial  distribution  of  rod  clays  which  posseayF 
a  hi.;  h  radioactivity,  ar.d  n  relatively  snail  river  dischar.^e  (lsrt;e 
Ariictic  rivers  ere  separated  from  trie  ocean  by  island  arcs)  offer  a 
bssis  for  ascuntioii  that  t'ne  bottom  population  of  open  areas  of  the 
Pacific  Ocean  will  prove  to  be  quantitatively  poorer  then  in  the  At*- 
lantic  Ocean.  On  tho  other  hand,  we  can  expect  precisely  in  the  Pa¬ 
cific  Ocean  the  occurrence  of  2,Toiitcjot  elAindmce  of  life  in  naxlnum 
ocean  depths,  incsciuch  as  the  majority  of  dosp-ssr.  trcncoeo,  situated 
in  tho  imediato  vicinity  of  continents  and  island  arcs,  ars  loc'  t.?.d 
here. 


As  could  have  been  observed,  tiio  data  on  dur.litativi  a.';u  quanti- 
fctivr  diatribution  of  the  bottom  fauna  of  t.ie  ocean  b'rd  r  ud  of  deep- 
sea  oc’can  tr.snche3  are  still  very  v.evyor.  Howovor,  their  vr.lue  is  in¬ 
disputable  not  only  with  resyoct  to  ch.-rcctoristics  of'  favina  of  a  hu-'o 

also 

and  very  poculia.r  are?-  of  tl'.o  biosphere,  but  with  rosaect  tc  ct.arrct-jr- 
iatics  c.'  the  liya  'papulation  of  regions  of  .^.reat  dr  th.o,  u2\dor  ■.;ho..;a 


fa.u.'J.iat;-  ”control"  .o  acc-uiiulation  df  flocr  doposits  tahaa  place. 

iloth  !iccord.1.n,j '  vO  its  systc-r-atic  composK-ion  .‘nd  accordin.;j  to  its  oic- 

yeoch.£-tical  end  .ua;':tita tivc  indicatoi's,  this  fauna  ;.sy  bo  on  impert- 

a.vit  indica“or  ct  deep— sea  deposits,  for  which  wo  hove  still  no  re¬ 
liable  characteristics. 
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